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Workshop Summary

INTRODUCTION

Despite spending more time and money in developing novel thera-
peutics, the success rate for new pharmacologic treatments has been poor.
Although the research and development (R&D) expenditures have grown
13 percent each year since 1970 (a 50-fold increase), the number of new
drugs approved annually is no greater now than it was 50 years ago (Booth
and Zemmel, 2004; Munos, 2009). Over the past decade, skyrocketing
costs and the complexity of the scientific knowledge upon which to develop
new agents have provided incentives for alternative approaches to drug
development, if we are to continue to improve clinical care and reduce
mortality. These challenges create opportunities for improved collaboration
between industry, academia, government, and philanthropic organizations
at each stage in new drug development, marketing, and implementation.
Perhaps the most appropriate initial step in addressing the need for collabo-
ration is to consider more precompetitive relationships that allow sharing
of scientific information to foster drug development.

While these collaborative relationships in basic and preclinical research
on drug targets and the early stages of clinical testing are acknowledged
to be potentially important drivers for innovation and more rapid mar-
keting of new agents, they also raise a number of concerns that must be
addressed. For example, acknowledgment of academic productivity and
independence and economic competitiveness must be considered and these

Copyright © National Academy of Sciences. All rights reserved.
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2 PRECOMPETITIVE COLLABORATION IN ONCOLOGY RESEARCH

challenges managed to foster a culture of collaboration. At the same time,
regulatory issues, the need for standardization, and intellectual property
(IP) concerns must be confronted if the current models for drug develop-
ment are to be refined to encourage robust participation in precompetitive
collaborations.

Recognizing the growing importance of precompetitive collaborations
in oncology drug development, as well as the challenges these innovative
collaborations pose, the National Cancer Policy Forum of the Institute of
Medicine (IOM) held a workshop titled Extending the Spectrum of Pre-
competitive Collaboration in Oncology Research on February 9 and 10,
2010, in Washington, DC. At the workshop, speakers addressed:

* Current driving forces for precompetitive collaborations;

¢ Benefits of such collaborations;

* Challenges to collaborating;

* Types of precompetitive collaborations and what can be shared;

* DPrecompetitive collaboration examples;

* Lessons learned and best practices formulated from these examples
of collaboration; and

e Next steps that could facilitate more precompetitive collaborations
in oncology drug development.

This document is a summary of the workshop proceedings. The views
expressed in this summary are those of the speakers and discussants, as
attributed to them, and are not the consensus views of the workshop par-
ticipants or members of the National Cancer Policy Forum.

Building on the National Cancer Policy Forum’s workshop, the
IOM’s Roundtable on Translating Genomic-Based Research for Health
held a related workshop on precompetitive collaboration July 22, 2010,
titled Establishing Precompetitive Collaborations to Stimulate Genomics
Driven Drug Development. A published summary of that workshop is also
planned.

CURRENT DRIVING FORCES FOR COLLABORATION

John Wagner, vice president of clinical pharmacology at Merck &
Co., began the workshop by pointing out that the notion of precompeti-
tive collaboration is not new, nor is it limited to biomedical applications.
A precompetitive collaboration launched by the semiconductor industry

Copyright © National Academy of Sciences. All rights reserved.
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in the 1980s (SEMATECH)! boosted the global competitiveness of U.S.
companies within this industry (see Box 1). The software industry is also
known for its precompetitive collaborations, which Stephen Weber defined
as “competitors sharing early stages of research that benefit all,” in his book
The Success of Open Source (Weber, 2004).

But Wagner said a number of factors are currently driving precompeti-
tive collaborations in biomedicine, most notably the standard drug develop-
ment model does not appear to be working very effectively. He presented
a slide showing that the new molecular entity output per dollar spent on
research and development has been declining since 1970 (see Figure 1).
In addition, he cited a 2004 analysis of the success rates of compounds
making it from first-in-human trials to registration during a 10-year period
(1991-2000) for 10 large pharmaceutical companies. The average success
rate for all therapeutic areas is approximately 11 percent; in oncology, the
probability of graduating from the drug development pipeline and making
it to market is only 5 percent (Kola and Landis, 2004). “This tees up the
issue of the need for different models of doing research and development,
including precompetitive collaborations,” Wagner said.

Several speakers expanded on the shortcomings of current approaches
to drug development, suggesting that alternative approaches will be
required. Many of the speakers proposed precompetitive collaborations as
an approach worthy of careful consideration. Many factors have made the
standard model for developing drugs inadequate, they pointed out, includ-
ing the growing complexity of research and far-ranging and uneven distri-
bution of knowledge, patient variability that contributes to the uncertainty
and low success rate, increasing emphasis on comparative effectiveness and
evidence-based medicine, the increasingly long and expensive time lines of
drug development, and declining research and development budgets.

Increasing Complexity and Data

Many speakers noted the growing complexity of basic and clinical
research in oncology, much of which hinges on deciphering the intricate net-
works of molecular pathways involved in the formation and progression of
various cancers, as well as predicting patients’ likely responses to treatments
aimed at the targets within those networks. The increasing need to integrate

! SEMATECH stands for SEmiconductor MAnufacturing TECHnology (http://www.
sematech.org/).

Copyright © National Academy of Sciences. All rights reserved.
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4 PRECOMPETITIVE COLLABORATION IN ONCOLOGY RESEARCH

BOX 1
SEMATECH

SEMATECH (SEmiconductor MAnufacturing TECHnology) is a
collaboration of semiconductor manufacturers that was established
in 1987 with the goal of improving U.S. competitiveness of the semi-
conductor industry in the global market. William Spencer, chair
emeritus of SEMATECH, noted that semiconductors are the backbone
of computing power that extends not just to personal computers, but
to the microprocessors that are in most appliances, automobiles, and
communication and entertainment devices. “The technology is impor-
tant from the standpoint of [the semiconductor] business, but more so
because it drives these other businesses by increasing productivity
each year,” said Spencer.

In the 1970s, the United States owned 70 percent of the semi-
conductor market, but by the 1980s it was rapidly losing market share
to other countries, including Japan. Recognizing this, SEMATECH was
established as a research and development collaboration among the
major U.S. manufacturers of semiconductors. Congress also hoped
that improved semiconductor manufacturing would bolster the defense
technology base and matched industrial funding through the Defense
Advanced Research Projects Agency. Industry members initially were
required to contribute 1 percent of their semiconductor sales revenue,
with a minimum contribution of $1 million and maximum contribution of
$15 million. By 1994, the United States had regained market leadership
and SEMATECH was funded solely by the contributions of its members.
Over time, SEMATECH’s membership grew to include international
companies.

A significant accomplishment that contributed to SEMATECH’s
success, according to Spencer, was the creation of a long-term semi-
conductor technology roadmap. This roadmap laid out the goals of the

genetics, genomics, and proteomics into new drug development requires
data repositories and much more sophisticated information technology (IT)
to analyze data. The magnitude of these challenges, speakers noted, may
necessitate greater collaboration to ensure access to broader expertise than is
often available within a single company or academic institution.

Stephen Friend, president of Sage Bionetworks, illustrated how
advances in molecular biology have fueled an explosion of data in the past
decade (see Figure 2). “We are going to be swimming in data until models

Copyright © National Academy of Sciences. All rights reserved.
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industry, the science barriers that were hampering their achievement,
and ways to overcome those barriers. In addition, the financial success
of SEMATECH hinged in part on its creation of a piece of equipment
that is essential for the manufacture of semiconductors and that is still
in use today.

Under the umbrella of SEMATECH were about a dozen individual
projects, each with a limited focus, such as lithography. There was an
oversight committee composed of chief technical officers or the heads of
manufacturing from participating companies. Innovations by participants
in SEMATECH could only be patented by the specific originators if they
shared these innovations royalty-free with all consortium members.

Spencer remarked on the surprising willingness of semiconductor
companies, which at the time were engaged in cut-throat competition
with each other, to work cooperatively to do the research and develop-
ment needed to propel the semiconductor industry in the United States
forward. He attributed part of this willingness to leadership. The founding
chief executive officer of SEMATECH, Robert Noyce, brought instant
credibility to SEMATECH because of his technical contributions to the
semiconductor industry and his success as an entrepreneur. Spencer
noted that “three things—crisis, competitive companies coming together,
and industry leadership, were essential to getting SEMATECH started.”

Spencer concluded his talk by saying, “I am a strong believer that
cooperation and collaboration, whatever it is, between government and
industry can work . . . and has had an impact on how research and devel-
opment in the semiconductor industry is done everywhere in the world
today.”

SOURCES: Spencer presentation (February 9, 2010) and IOM, 2007.

can be made” that make sense of the data, Friend said. Bryn Williams-Jones,
associate research fellow and head of eBiology at Pfizer, concurred, noting
that “in spite of knowing a lot more and having a lot more data to go on,
we are actually getting worse at finding out anything, and are not much
more productive.” He called for more data analysis standards so that more
valid conclusions can be drawn from the data acquired. Developing such
standards will require a collaborative effort.

Williams-Jones suggested that companies should not develop their

Copyright © National Academy of Sciences. All rights reserved.
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FIGURE 1 30-year decline in new molecular entities per dollar spent on research and
development (R&D). There has been a 30-year decline in pharmaceutical industry
productivity, as measured by new molecular entities per dollar spent on R&D, normal-
ized to 5-year rolling average of 1970 to 1975. While research and development costs
have increased 50-fold during this time period, the output of investigational new drug
candidates and new drug application products has stayed flat.

NOTE: NME = new molecular entity.

SOURCES: Wagner presentation (February 9, 2010) and Booth and Zemmel (2004).
Reprinted by permission from Macmillan Publishers Ltd: Nature Reviews Drug Dis-
covery, Booth, B., and R. Zemmel. 2004. Prospects for productivity. 3(5):451-456,
copyright 2004.

own costly information technology infrastructures, but rather join a col-
laborative endeavor that provides that infrastructure, ideally in the virtual
public domain. “We are a drug discovery industry, and none of us can
afford to reinvent and source an entirely proprietary software system that
is going to be able to help us deal with this. We should be doing that in
the public domain,” he said. “Even for Pfizer, which has one of the world’s
largest R&D budgets, it would be naive to expect that we have wide enough
domain expertise. We should focus our time thinking about what is and
what isn't competitive. . . . As we stand at a crossroad, expecting lots more
data to come with not much more money to spend on it, we ought to
think about whether we are going to continue internalizing or move into

Copyright © National Academy of Sciences. All rights reserved.
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the virtualization phase. Given that we have all built these overlapping very
similar I'T systems, if we did this once properly in the public domain, that
might actually cause a rising tide that floats all the [pharmaceutical indus-
try] boats,” Williams-Jones added.

A collaborative effort is also needed to create complex models of the
causes and treatment targets of cancers, Friend said. Drug development
models that depend on simple pathway approaches are no longer appropri-
ate, he pointed out, because studies indicate that when one pathway that
fuels cancer growth is blocked, a redundant pathway will enable the cancer
to thrive. He showed one slide that illustrated the complex transcriptional
networks involved in the growth of brain tumors (see Figure 3) and stressed
that “people are recognizing that these cells and disease states are intricately

oy Yo 17RO i
@_‘_f "\\\&/?97’ ,"w,‘..@éj{\ -§‘W”
=

FIGURE 3 A network of transcription factors (boxes) and their mesenchymal gene
expression signature targets (circles) involved in high-grade glioma.

SOURCES: Friend presentation (February 9, 2010) and Carro et al. (2010). Reprinted
by permission from MacMillan Publishers Ltd: Nature, Carro, M. S., W. K. Lim,
M. J. Alvarez, R. J. Bollo, X. Zhao, E. Y. Snyder, E. P. Sulman, S. L. Anne, E Doetsch,
H. Colman, A. Lasorella, K. Aldape, A. Califano, and A. Iavarone. 2010. The transcrip-
tional network for mesenchymal transformation of brain tumours. 463(7279):318-325,
copyright 2010.
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wired networks that are brilliantly built through evolution with redundancy,
which is why so often a drug does not work the way you thought it would,
and does all those things you hadn’t expected.” He added that given their
complexity, “no one company is going to be able to afford to have the best
map of those networks for very long, even if they invest heavily.”

David Wholley, director of the Biomarkers Consortium, agreed with
Friend that the bigger picture required to understand and treat cancer is
causing a paradigm shift in biomedical research and drug development that
requires new approaches. “The increasing complexity, amount of data, and
downstream effects on regulatory science are leading to the dawning realiza-
tion that nobody is smarter than everybody else,” Wholley said.

Neal Cohen, vice dean and professor at the University of California-San
Francisco (UCSF) School of Medicine, added that biomedical research is
increasingly a multidisciplinary venture dependent on much more difficult
research methodology, both of which fuel the need for more collaboration.
To be successful, he noted, individual investigators increasingly rely on col-
laborators to gain expertise outside an individual investigator’s discipline.

Karim Lakhani, an assistant professor at Harvard Business School,
concurred, pointing out how knowledge is unevenly and widely distributed
so that “no one organization or set of actors can monopolize knowledge. . . .
This is the fundamental problem we face in our pharma business now. If
you think about the explosion in research, the specialization that happens
across disciplines, there is no way we can just be in our little silo and inno-
vate, especially when diseases are multicategorical, multisymptomatic, and
multicausal. We need to think of new ways to access this type of knowledge.
We have reached the limits and we have to work together because you can’t
do it alone.”

Lakhani noted that the widely distributed nature of knowledge is also
evident within Joy’s law,? which states: “No matter who you are, most of
the smartest people work for someone else.” To illustrate the distributed
nature of knowledge, he gave the example of Robert Langer, an expert in
tissue engineering at Massachusetts Institute of Technology (MIT). Langer
collaborated with about 40 percent of the most prolific authors of journal
articles on the topic during 2004-2006. Although Langer is central in
the domain of his field, his publications were only a fraction of the 6,000
articles published on the topic in that 2-year period by 17,000 authors in

2 Attributed to Bill Joy, cofounder of Sun Microsystems and lead technical contributor
to TCP/IP, Berkeley Unix, Sparc, and Java.
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the field, a network map constructed by Lakhani showed (see Figure 4).
“There is no way that Langer or his team can know exactly what is going
on in the entire domain,” Lakhani said.

Another of Lakhani’s network maps showed that the number of
publications by a science team at a large pharmaceutical company was
dwarfed by the multitude of publications by other research teams in the
field. “They thought that they were the cat’s meow in this area of neuro-
science, but they were really quite marginal,” said Lakhani. “This is the
problem faced by most organizations—most of the smartest people don't
work for them.”

Patient Variability

Friend stressed that most standard-of-care cancer treatments avail-
able today are effective in only a minority of patients, in part because of
the tremendous variability in the molecular abnormalities driving tumor
formation (IOM, 2007; PCAST, 2008; Spear et al., 2001), which standard
drug trials do not consider. Those clinical trials that do try to account for
such variability with standard trial designs often need thousands of volun-
teers, which make the clinical trials costly, risky, and lengthy, noted Laura
Esserman, director of the Carol Franc Buck Breast Care Center at UCSE
She pointed out that breast cancer has several different subsets of the disease
that respond differently to the same breast cancer drugs. “If you are not
able to use a biomarker to tell you how to subset that patient population
or to target [their specific disease], you are going to need 10 times as many
patients to get an answer, and you are more likely to miss the benefits of
certain drugs. We have turned breast cancer into a group of orphan diseases,
and that is really going to be the step forward for every disease,” Esserman
said.

Cohen added that “there is great interest in comparative effective-
ness studies to assess which therapies are most appropriate for individual
patients, and to define personalized approaches to clinical management. All
of that is very different from what we have done in the past, and necessitates
a different model.”

Mark McClellan, director of the Engelberg Center for Health Care
Reform at the Brookings Institution, concurred that an absence of validated
markers for patient subsets makes trials longer and less predictable, as does
an absence of validated disease models. This hampers the development of
innovative therapies and leads to more company efforts being spent devel-

Copyright © National Academy of Sciences. All rights reserved.
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oping reliable “me-too” drugs, Cohen noted. “There are not a lot of break-
through therapies on the front lines that change how we manage patients,
and how patients will respond to the therapies,” he said. Thinh Nguyen,
counsel for Science Commons, added that there is also an increasing reli-
ance on a few blockbuster drugs, rather than diverse sources of revenue by
drug companies.

Precompetitive collaborations that combine datasets could provide
enough data to validate both disease models and biomarkers, thereby reduc-
ing the uncertainty in current drug development, and improving the success
rate and the willingness of drug companies to undertake the development
of innovative therapies, according to McClellan.

Raymond Woosley, president and CEO of the Critical Path Institute
(C-Path), added, “there is a clear need for innovative drug development.
The long cycle time we think is at the core of why companies are willing to
share, to meet regularly when they all have day jobs, to define the common
data elements that they will all use to obtain qualification of biomarkers for
use as an indication by the regulators.”

Declining Research and Development Budgets

Many drug companies’ research and development budgets have been
declining. Cohen noted that Pfizer plans to reduce its R&D spending
by $3 billion by 2012, AstraZeneca has cut its research staff by 3,500
employees, and Sanofi-aventis is cutting its R&D spending by 20 percent
(Rockoff, 2010). At the same time, academic institutions are facing flat
or declining funding from federal sources, which remain the largest con-
tributor to academic R&D. Eighty-four percent of federal R&D funding
is granted by the National Institutes of Health (NIH); however, inflation-
adjusted NIH funding went from doubling during 1994 to 2003 to a
2.2 percent decline in 2008 (Boat, 2010; Dorsey et al., 2010). Alcthough
non-federal funding sources have mitigated this decline somewhat, Boat
(2010) notes that this trend is unlikely to continue due to economy-
driven shrinkage of endowments, philanthropy, business profits, and tax
revenue. “Clearly the downward pressure on R&D budgets has driven
folks to play together more than to compete,” said Stephen Eck, vice
president of translational medicine and pharmacogenetics at Eli Lilly and
Company. “That is probably a good thing because budgetary pressures
do drive efficiencies, and I think it makes us realize that we do not need
to do and own everything.”

Copyright © National Academy of Sciences. All rights reserved.
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Collaboration-Enabling Technology

More positive forces are also propelling collaboration, including having
the technology available to develop personalized medicine, having more
quality information in the public domain, and having lower barriers to
information sharing, noted several speakers.

The quantity of data in the public domain has grown dramactically,
and the quality of the data has also improved vastly, Nguyen said. In addi-
tion, those data have become more useful and accessible with the increase
in open-source and other public tools for data analysis and exploitation.
“What is available in the commons is starting to be almost as good as what
companies can develop themselves internally,” he said.

Nguyen and Jill Aleshuler, founder and principal of AltshulerGray,
stressed that there also seems to be greater consensus among scientists that
data should be shared virtually and in the public domain. They pointed out
that the Internet is enabling new kinds of distributed collaborations that
involve virtual communities, which can easily network. “There’s been a
democratization of science and health care with more information online,”
Altshuler said.

Eck summarized the forces driving collaborations by saying “timing
is everything, and right now we have a very good environment to try to
encourage companies to find common platforms.”

BENEFITS OF COLLABORATING

Speakers pointed out numerous benefits of precompetitive collabora-
tions. In addition to making drug development quicker and less redundant,
risky, and expensive, precompetitive collaborations can foster a productive
synergy that promotes thinking outside the box, brings in researchers with
diverse expertise, and sparks innovation. By combining datasets and hav-
ing more reviewers of the data analyses, research collaborations also have
more statistical power and less bias, which makes their conclusions more
reliable and amenable to regulation. Research collaborations also have the
potential to more rapidly close the knowledge gap to further progress in
the biomedical field. In addition, by creating a bigger value pie, each par-
ticipating company, individual, or institution can be rewarded with a slice
of a bigger value that can result in more profits downstream from the col-
laboration, and a competitive advantage over those who do not participate
in the collaboration.

Copyright © National Academy of Sciences. All rights reserved.
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Synergy of Cross-discipline/Cross-institution Collaborations

Cohen pointed out that newly developing technologies and products
benefit from integrating knowledge and expertise from multiple sources.
Bernard Munos, advisor in corporate strategy at Eli Lilly and Company,
agreed. Munos suggested that some of the big breakthroughs of the
twentieth century, such as the development of antibiotics, radiotherapy,
the purification of insulin, and even some advances in molecular biology,
occurred because pharmaceutical companies were able to harness science
that was tangential—or even alien—to pharmacology (Munos, 2010). For
example, when Eli Lilly licensed insulin in the 1920s, there was no technol-
ogy to extract and purify proteins, nor was there a supply network to collect
large amounts of glands from slaughterhouses (Munos, 2010). By taking
on these challenges, Munos noted that the company’s work resulted in the
introduction of Iletin, the first commercially available insulin product (Lilly,
2010), because Lilly was able to reach outside its core competencies. Munos
noted that this is in sharp contrast to the tightly scripted target-based drug
discovery process that has emerged in the pharmaceutical industry over
the past couple of decades: “Sciences that lie outside the field of what can
typically be encountered in pharmaceutical companies have and have had
significant contribution to the development of therapies, but you don't find
them very often in drug companies today,” Munos said. “How many physi-
cists are working in pharmaceutical research?” He added that many drug
companies are not harnessing new technologies such as nanotechnology or
stem cells because it falls outside their domain. In addition, Munos cited
an analysis that found that breakthroughs in biomedical science typically
emerge from scientists with considerable scientific diversity who tend to be
boundary-crossers and can communicate well with scientists in multiple
fields (Hollingsworth, 2007).

Another way to harness diverse expertise is to do “insourcing.”
Alshuler gave the example of Biogen’s Innovation Insourcing Initiative.
With this initiative, Biogen actively seeks academics with late-stage biology
ideas who are having difficulty attracting additional basic research funding
from NIH, but are not yet advanced far enough to attract venture capital.
Biogen brings in these scientists working on something relevant to one
of their therapeutic areas and provides them with access to all of Biogen’s
resources for drug discovery and development. “The idea is that Biogen
recognizes it doesn’t have all the great ideas resident within its own organi-
zation, so it leverages ideas from the outside to which it wouldn’t otherwise
have access,” said Aleshuler.

Copyright © National Academy of Sciences. All rights reserved.
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Prizes awarded to those who solve scientific problems is another way to
tap a broad array of expertise. Usually the prize winner is someone whose
expertise is tangential to the field in which the problem emerged, Lakhani
noted. For example, the winner of the prize for developing a device that
could accurately determine longitude was given to an unknown clockmaker,
despite Isaac Newton’s proclamation that only an astronomer could succeed
at the task. “Newton believed this because he did a local search based on
his knowledge domain. We always do a local search when we are trying to
solve a problem—we apply our methods, experience, and training to the
problem. Newton was an astronomer, so of course he said the only way to
get the solution is with astronomy,” Lakhani said.

A more current example of the productive synergy of collaboration is
that of the contests held by Innocentive.? This organization takes unsolved
problems from R&D laboratories and firms, and challenges scientists around
the world to solve those problems. The winner receives a financial award.
Lakhani’s analysis of these contests (Jeppesen and Lakhani, in press) demon-
strated that winners often have technical expertise outside of or marginal to
the problem field, and that the more heterogencous the solver population—
that is, the competitors—the more likely the problem will be solved. Accord-
ing to Lakhani, about 30 percent of problems taken on by Innocentive are
solved, but they usually aren’t solvable in most organizations.

The MATLAB Programming Contest* is another example of a semi-
annual contest that invites individuals to submit their code to a virtual
platform, shared by contestants, to solve computer programming problems.
In one MATLAB contest, called peg solitaire, the goal was to develop the
most optimized algorithm and central processing unit time. However, the
MATLARB contests are unique because they have three distinct phases: dark-
ness, twilight, and daylight. During the darkness phase, individuals submit
their code and receive a score based on performance. In the twilight phase,
contestants submit the code, receive a score, and are able to see who is on the
leader board. During the daylight phase, contestants can see codes submitted
by others, and can modify and resubmit those codes. Once the contest enters
the daylight phase, Lakhani noted that there is a dramatic improvement in
performance as individuals build on other competitors’ codes. Speaking to
the synergy of collaborations, the winning code in the peg solitaire contest
contained only 40 percent of code written by the winning contestant; the
remaining 60 percent of the code was borrowed from 30 other contestants.

3 See http://www.innocentive.com/.
4 See http://www.mathworks.com/contest/overview.html.

Copyright © National Academy of Sciences. All rights reserved.
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To more definitively test whether collaborative contests are more pro-
ductive than non-collaborative ones, Lakhani conducted a 2-week contest to
solve a genomics problem. During the first week the contest was fully com-
petitive, akin to the Innocentive contest, but during the second week there
was information sharing akin to what was done in the MATLAB contest.
Lakhani’s analysis of the contest’s results reveals the power of collaboration.
The top 34 entries exceeded the state of the art in computational biology
by a factor of 100 to 1,000. Ten different approaches were used, only two of
which were found in genomics literature. Most contestants entered during
the competition phase, but the collaborative phase performed better and
was more efficient. “This is exactly how science gets done,” Lakhani said.
“In most scientific endeavors we have many labs chasing [the same prob-
lem], trying to find the magic answer. We have lots of inefficiency going
on. There is a race that people are trying to win. The collaborative phase is
where we change the rules and say we want collective outcomes and people
to share the rewards together.”

William Spencer, chair emeritus of SEMATECH, concurred about the
productive value of collaborations and the synergy they can create. “There
is a logical inconsistency in the notion that every company or organiza-
tion has the best people. In general, what happens is one company or one
organization may have the best organic chemists, another one the best
microbiologists. If you can find a way to bring these people together in an
environment where they can cooperate, the returns you get from that are
much greater than those from individuals who are working solely inside
their own companies,” Spencer said.

Improved Validity

Cohen called for collaboration, not only in early stages of research,
but in the clinical testing of potential drugs. He noted that testing in large
and diverse populations is needed to assess patient variability in response
to drugs, and this may be best accomplished by doing collaborative clinical
research that employs community physicians. Such research could be aided
by electronic health records. “We need to engage the broader clinical science
community and the community providers,” he said.

Another action that may help in this regard is to engage a broader
group of patients via patient websites and networks. James Heywood,
co-founder and chair of PatientsLikeMe, said that his studies have
heightened statistical power, as well as an enhanced ability to do cohort
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matching, because of the voluminous and detailed personal medical data
that patients submit to his website, PatientsLikeMe.com, which can be
considered a collaborative effort on the part of patients. The website has
developed tools that enable the sharing and prospective analysis of data,
particularly personal health information about rare diseases because those
data are difficult to amass at one institcution. “We measure variables pro-
spectively in communities using what we believe will ultimately become
a personalized discovery platform that has the ability for one person to
use this platform alone, or instantly form collaborations with others, to
identify novel and new disease biomarkers, and treatments that work,”
Heywood said.

Heywood asserted that the data gathered in this manner can be of better
quality than data gathered in typical clinical trials, as exemplified by the data
the site gathered on whether lithium forestalled progression of amyotrophic
lateral sclerosis (ALS). A PatientsLikeMe analysis determined that lithium
was not effectively improving symptoms or delaying disease progression in
patients who took the drug 18 months after preliminary evidence in the
medical literature suggested it might effectively treat ALS. Heywood said his
study had four times the power of the original preliminary study and used
patient volunteers from the real world (IOM, 2010a). PatientsLikeMe dis-
seminated their findings about lithium to their ALS members a year before
a large-scale clinical trial testing lithium as an ALS treatment was stopped
because of futility.

Joseph Vockley, director of The Cancer Genome Adas (TCGA),
pointed out the advantage of collaborative research in helping to eliminate
bias and providing additional checks and balances that improve the validity
of research results. TCGA is a large collaborative effort among government,
academia, and industry aimed at sequencing the genomes of various types
of tumors to aid the discovery of new drug targets (see Box 2). Not only
has this collaboration generated a high level of statistical power in their
analyses, he said, but because the participating investigators are constantly
challenging the quality of data collected and each others™ interpretations
of the data, valuable checks and balances are in place. “Frequently, if you
have a single principal investigator being funded to do research in an area,
they are imparting some of themselves, some of their thinking into the data
that they are generating and its interpretation, so you could look at this as
reflecting an individual bias in the data. When you have a large group of
people meeting to discuss the data, you end up getting a consensus result,”
Vockley said.

Copyright © National Academy of Sciences. All rights reserved.
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BOX 2
The Cancer Genome Atlas

The Cancer Genome Atlas (TCGA) is a large collaborative project
whose participants include representatives from government, academia,
and industry. The project is designed to facilitate future discovery of
pharmaceutical and diagnostic targets in cancer by generating genome
characterization data on 20 tumor types for a statistically significant num-
ber of tumors (500 cases per tumor type) and matched normal tissue.

TCGA began as a pilot project to develop infrastructure needed to
systematically characterize genomic changes in hundreds of tumors. To
date, the pilot project has achieved comprehensive sequencing, charac-
terization, and analysis of genomic changes in glioblastoma multiforme
and ovarian cancer. According to the TCGA website, the success of the
pilot project, as exemplified by the broad use of the publicly accessible
datasets, provided rationale to expand the project. The National Institutes
of Health announced in September 2009 that it is investing $275 million
in TCGA over the next 2 years to sequence and characterize genomic
changes in 20 types of cancer. This project is expected to take 5 years to
complete.

TCGA is cofunded and comanaged by the National Cancer Institute
(NCI) and the National Human Genome Research Institute (NHGRI).
“The advantage of this collaboration is that we at the NCI are learning a
lot of new ways to get to the same goals, but by different methods, and the
NHGRI | hope is learning the same thing,” said Joseph Vockley, director
of TGCA. “We both have our ways of doing things, so bringing our two
methods of management together strengthens the project and gives us
a much more diverse set of expertise in the management staff.”

TCGA has four types of centers, three of which are funded by NCI,
and the fourth by the NHGRI:

e Genome Characterization Centers, including Cancer Genome
Characterization Centers, will perform gene expression, copy
number, SNP, DNA methylation, and microRNA characterization.

e Genome Sequencing Centers will generate second generation
sequence data for mutation detection.

e Genome Data Analysis Centers will integrate data from the other
two centers to create new models and tools to refine and further
add value to data for communities. These centers are creating
genomic circuitry and networking models, which indicate cause-
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and-effect relationships between various pathways and the
regulation or mutation of individual genes.

e Data Coordinating Centers will make data available on a nearly
real-time basis through a web-based data portal.

Hundreds of tissue accrual sites are providing retrospective samples
for TCGA, as well as other sites that are providing tissues prospectively.
All the samples initially go into two biospecimen core resources, which
are funded by NCI, for processing before they are sent to the genome
characterization and sequencing centers. All data generated at these
centers are entered into the data coordinating centers, with no trans-
mission of data among centers within the project. That way, everyone in
both the community and the network gets access to all data at the same
time. Data are provided in an open-access format on the web so that
researchers in the community can download the data and run their own
analyses. Eventually data analysis software tools will be posted to the
website.

Nineteen centers across the United States are involved in TCGA, not
including centers who are participating in tissue accrual (see the follow-
ing table for a list of centers involved in various aspects of TCGA).

A single steering committee composed of the many principal inves-
tigators from all the centers make decisions for TCGA on monthly calls.
Decision making among such a large group can be difficult, Vockley
noted. Therefore, the much smaller executive committee composed
of five of the principal investigators (which he called a kick squad) is
instrumental to this decision making. “They go after the important issues
that are threatening the project” and make related recommendations
to the steering committee, Vockley said. “This group of five can help to
facilitate getting these decisions made, or at least bringing the subjects
of concern up to the entire group.”

“TCGA is there to bring a large dataset of information to all the
various communities—academia and industry—so that everybody can
start their discovery process from a platform or from a single level that
will hopefully accelerate discovery,” Vockley explained.

continued
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BOX 2 Continued
Center Name Type of Center or Resource
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IGC v
ISB v
Lawrence Berkeley v v
MD Anderson v
Nationwide Children’s v
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Sloan-Kettering v v
SRA v
UC Santa Cruz v
UNC v v
usc v v
WUSM v
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NOTES: Baylor = Baylor College of Medicine; BCCA = British Columbia
Cancer Agency; Brigham/Harvard = Brigham & Women’s Hospital and
Harvard Medical School; Broad/Harvard = Broad Institute of the Mas-
sachusetts Institute of Technology and Harvard University; Harvard =
Harvard Medical School; Hopkins = Johns Hopkins University; Hudson-
Alpha = HudsonAlpha Institute for Biotechnology; IGC = International
Genomics Consortium; ISB = Institute for Systems Biology; Lawrence
Berkeley = Lawrence Berkeley National Laboratory; MD Anderson = MD
Anderson Cancer Center; Nationwide Children’s = Nationwide Children’s
Hospital; NCICB = National Cancer Institute Center for Bioinformatics;
Sloan-Kettering = Sloan-Kettering Institute; SRA = SRA International;
UC Santa Cruz = University of California Santa Cruz; UNC = University
of North Carolina; USC = University of Southern California; WUSM =
Washington University School of Medicine.

SOURCES: Vockley presentation (February 10, 2010) and NCI and
NHGRI, 2010a,b,c.
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McClellan agreed. “For broad-based collaborations, the opportunity for
consensus building [by] bringing different viewpoints together . . . provides
an ability to not only make sure the right questions are being asked and
addressed effectively,” but also builds consensus for more confident regula-
tion, he said. He added that the Food and Drug Administration (FDA) is
more likely to approve a treatment faster, via accelerated approval, priority
review, or other mechanisms, if there is consensus that treatment will be
beneficial and that the studies showing the treatment’s safety and effective-
ness have been adequately done with many checks and balances.

Spencer added that having the best minds from several fields collaborate
can reduce the risk involved in developing a new product, which is another
benefic of collaboration. These experts, who understand the capabilities
and shortcomings of their specific niches, are more likely to make the right
decisions and avoid costly mistakes if they work together, he said.

Closing Knowledge Gaps and Exploiting Unused Data

Munos pointed out that large gaps in our knowledge of cell biology
exist. He noted that about 40 percent of human genes (or around 8,000)
are unannotated (Munos, 2010). “I¢’s very difficult to build a model when it
rests on a system, 40 percent of the makeup of which is unknown,” he said.
Munos called for open innovation and collaboration to close the genome
knowledge gap that is hampering progress in developing biomarkers.
McClellan added, “There clearly are some major gaps in the ability to tar-
get treatments effectively related to these underlying development science
uncertainties.” Friend agreed: “In biomedical research, we need an open-
access platform to figure out what is going on because the data and models
are much more complex than people had anticipated” (see Box 3).

Eck noted that opportunities are also missed if collaborations do not
occur—not from the standpoint of getting a drug approved, he said, but
because “there is a huge amount of very good science that does not get done
because it is not needed for an FDA approval, yet those tools and informa-
tion are there in the background and they never surface in an interesting
way. I stcumbled across a project where an academic investigator had a very
good science question and Lilly and another pharmaceutical company
had the raw data that could be used to answer it. We are missing out on
many of these opportunities if we do not find these precompetitive spaces
to work in.”

Altshuler added that collaborations can focus people’s efforts on rare
diseases or problems that may otherwise receive less attention (see Box 4).
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Foundations for research on various diseases, for example, have spurred
(and funded) research collaborations on disorders that large pharmaceutical
companies tend to ignore because they have limited market potential. The
publicity generated by large-scale collaborations can also focus the public,
FDA, and other policy makers’ attention on issues that need to be addressed.
McClellan agreed, saying, “It is a great way to highlight outstanding issues
in a high-profile way through conferences, reports, and other activities that
the collaborations can produce.”

Increase the Size of the Value Pie

An important benefit of precompetitive collaboration is that it increases
the size of the value “pie” by enabling innovation that would not have
occurred otherwise, and by reducing the cost and risks of that innovation
for each of the collaborators, Altshuler stressed. “Precompetitive collabora-
tions can’t be exploited as a near-term, stand-alone, profit-making opportu-
nity, but often they are a crucial step to get to a downstream profit-making
opportunity,” she said. “What we have seen is that businesses can cooperate
and collaborate to increase the size of the pie, while they continue to com-
pete around how they are going to divide up the pie.” Williams-Jones added
that the rising tide of collaborations and the information and standards it
generates “is going to raise all of us, whether it is me in my juggernaut, or
people in their smaller boats.”

Altshuler added that prize mechanisms that induce collaboration
are especially cost-effective because, although the prizes are large sums of
money, they are being spent only on successes, not failures. “Much of the
cost of paying for a new drug is paying for failure, so a prize can have a
very nice return on investment versus in-house research and development,”
she said.

Pear] Huang, vice president of oncology at Merck & Co., who forged
the Merck—AstraZeneca collaboration on a combination therapy for cancer,
stressed that she does not view this collaboration as precompetitive. “I see
it as something that, if it works, will give us a huge competitive advantage,”
she said (see Box 9).

Shorten Drug Development Time Lines and
Improve Efficiency and Cost-Effectiveness

Several speakers pointed out that economies of scale and scope gener-
ated by collaborations should speed up the pace of drug development simply
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BOX 3
Sage Bionetworks

Sage Bionetworks is a nonprofit foundation created in 2009 to provide
a commons for the creation of disease models based on the assembly
of coherent biomedical data into probabilistic and integrative bionetwork
models. These models evolve via modifications made by contributor sci-
entists. The ultimate mission of Sage is to accelerate the elimination of
human diseases. Sage has several active partners, including the National
Cancer Institute’s Clinical Trials Cooperative Group Program, universities,
government agencies, foundations, pharmaceutical companies, informa-
tion technology and tool providers, and patient advocacy groups. These
partners contribute datasets or information technology and tools to Sage’s
commons that should enable researchers to build integrative network
models to describe various disease processes.

Sage’s main strategic priorities are to:

e Create the repository and tools to establish the commons plat-
form and enable access to it;

e Perform the integrative genomics and network biology research
to build models of diseases; and

e Conduct interdisciplinary scientist training to enable widespread
participation.

According to Stephen Friend, president of Sage Bionetworks,
achieving these goals requires establishing the rules and governance

because more resources will be devoted to the task. “It will accelerate dis-
covery if by no other reason than the sheer mass of action,” Vockley said.

In addition, by reducing redundancies, the resources of all of the col-
laborators can be devoted to the collaborative enterprise. As Williams-Jones
noted, when collaborations do not occur, “every company has got their own
more or less same pipeline, more or less same data integrated more or less
the same way, and we are wasting large piles of money.” Cohen added that
by reducing the redundancies involved in creating infrastructure and the
technologies needed to conduct research, collaborations will reduce costs
“and our best efforts will be put into the collaboration, which will result in
improved benefit to the public.”

Progress will also be quicker because there will be a strong foundation
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of the commons. In that regard, Sage has held several meetings and
congresses with stakeholders to create and ratify governance rules for
how data and models will be shared in the commons, and how models
created will be cited, as well as to determine the standards and tools that
will be used to enable data integration.

Friend expects that researchers, companies, government agencies,
and foundations to want to contribute to Sage’s repository of data and
models because they will benefit from the “neighboring zones of informa-
tion that will be developed by others. As that builds out soon, their own
research will be much more informed by what others have done.”

Friend views Sage Bionetworks as a foundation that “has a job to
nurture something which is bigger than it is—the commons and the
platform.” He pointed out that all the data, as well as the models built
from them, will be put in the public domain. “We cannot work with a
group unless—after an interval of time in which we are generating a
model—that model, the data, and the meta-data are all dropped into the
public domain,” Friend said. “Biomedical research and an understanding
of disease models are going to be driven by open access to data and
models, and a platform where that can be done. That's what we need in
order to move forward.”

SOURCE: Friend presentation (February 9, 2010).

from which to build. “If you are living in a world where your competitive
advantage begins from a base of knowledge of the disease biology, I guaran-
tee it will shorten the time to develop a drug,” said Friend. Esserman noted
that the I-SPY 2 TRIAL,’ a public—private collaboration, is trying to do
away with the current drug development model that takes 10 years, $1 bil-
lion, and thousands of volunteers to take one drug to market. She estimated
that her collaborative clinical trial of biomarkers and treatments for breast
cancer could cut the amount of clinical testing time for a new drug in half,

5>1-SPY 2 TRIAL (Inspection of Serial studies to Predict Your Therapeutic Response
with Imaging And moLecular analysis 2) is a Phase II muldisite clinical trial testing multiple
experimental drugs while simultaneously assessing the effectiveness of various biomarkers to
predict response to the investigational agents (see section on what to share).
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BOX 4
Open Source Drug Discovery

This global consortium led by the government of India, which
provided $38 million of seed funding for it, aims to provide a global
virtual platform where researchers can collaborate and collectively
discover drug therapies for malaria, tuberculosis, and other dis-
eases that cause major health care problems in the developing
world. Launched in 2008, Open Source Drug Discovery (OSDD) has
more than 2,000 participants, including students, scientists, aca-
demic institutions, and companies. Membership is open to anyone
and members can commit to giving funds or sharing resources.

OSDD structures its online forum by breaking down large,
complex problems, such as how to develop effective therapies for
tuberculosis, into smaller work packages, such as annotating the
tuberculosis bacterium’s genome, identifying drug targets and their
expression, screening compounds to see if they inhibit targets,
optimizing non-toxic compounds found to hit the targets, and pre-
clinical and clinical testing of the inhibitors. OSDD will accept any
idea, software data, article, or molecule that might aid such drug
discovery, and will provide funding for clinical testing of promising
potential drugs.

Each activity or solving of a defined problem on the platform is
linked to a predetermined set of credit points. Based on the points
accrued, contributors are awarded four levels of membership, each
with certain sets of rights, privileges, and responsibilities.

OSDD is committed to releasing any eventual drug whose
discovery and/or development it fosters free of intellectual property
encumbrances.

According to Bernard Munos, advisor in corporate strategy
at Eli Lilly and Company, OSDD’s Connect2Decode initiative to
annotate the genome of the tuberculosis bacterium recruited more
than 800 scientists with appropriate expertise within weeks of being
launched, and the entire project to annotate more than 1,000 genes
is expected to take only 4 months. “This provides a model of how to
eliminate the knowledge gap,” said Munos.

SOURCES: Munos presentation (February 9, 2010) and OSDD,
2010.
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BOX 5
Merck—AstraZeneca Preclinical and
Clinical Testing Collaboration

AstraZeneca and Merck have established an innovative col-
laboration in which each company is contributing one of their own
investigational compounds for a two-drug combination therapy
that is expected to be more effective than either compound used
alone. Although combination therapy for cancer is standard, such
combinations are usually tested late in clinical development or after
registration, or a new potential treatment is tested in combination
with standard therapy. In addition, most combination therapies
involve two or more drugs aimed at the same target.

In contrast, the AstraZeneca compound had gone no further
than Phase |l clinical testing, and the Merck compound had only
been tested in 100 people when the two companies decided to
do preclinical testing of both compounds together. In addition,
each compound hits a different target. Together, the compounds
are expected to have greater effects on tumors than individually
because of their complementary action in an oncogene growth fac-
tor signaling network.

As Pearl Huang, vice president of oncology of Merck & Co.
explained, there are two divergent signaling pathways, called MEK
(mitogen-activated protein kinase 1) and PI3K (phosphatidylinositol-3
kinase), downstream from a tyrosine kinase signaling pathway known
to foster cancer growth. When the PI3K pathway is inhibited, it triggers
the MEK backup pathway to become more active via a growth factor
signaling loop. Merck had developed a compound that blocks the
MEK pathway, and AstraZeneca had developed a compound that
blocks Akt (protein kinase B), a component of the PI3K pathway (see
figure in this box). So combination therapy with both compounds is
likely to be much more effective than either compound alone.

“It was a scientific argument that was irresistible,” said Huang.
“If you are going to break a barrier for the first time, it is critical to
find that sweet example where people just cannot say no.” Before
they decided to collaborate, both Merck and AstraZeneca had
shown that their compounds could selectively and effectively block
their targets in preclinical studies, and that they were safe in early
human trials. The two companies forged an agreement that enabled
joint preclinical testing of combination therapy with them. When that
testing showed promising results, the two companies agreed to do a

continued
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BOX 5 Continued

joint Phase | testing of the combination, which began in December 2009.
“That was record time for both organizations in terms of moving forward
from intent to first-in-human testing for something as complex as this,”
Huang noted.

Together the companies designed a testing plan that would
assess the dose, sequence, and context of the combination, including
subpopulations in which to test their combination of compounds. The
collaboration agreement between Merck and AstraZeneca was staged
so that initially it was just an agreement that covered preclinical rights
and preclinical scope, and then expanded to include the clinical testing
agreement.

Decision rights and costs are shared under joint governance in
the collaboration. In case conflicts arose, the agreement also included
a conflict resolution roadmap, “but so far the team has not had to use
it because there is a very compelling argument for doing these experi-
ments, and there is a compulsion within the team to do what is right,”
Huang said.

The agreement includes a freedom-of-operation clause for both
parties that enable each to undertake multiple combination studies with
similar agents that can occur independently and in parallel. “Both parties
have other compounds hitting, if not the same targets, the complemen-
tary targets in the same pathways, and both companies have the inten-
tion of fully testing those possibilities because we cannot presume that
the first experiment we do is the correct experiment,” Huang said. “We
felt very strongly, as we were putting these experiments together, that
we maintain freedom of collaboration because the goal is still to get the
best combination for the patients, and if this Akt inhibitor does not work,
and another one does, we believe we should have the freedom to do that
experiment.”

The intellectual property that results from the collaboration will be
shared by the inventors, while the intellectual property that was brought
to the collaboration at its onset remains intact. What is still a big unknown
is how the Food and Drug Administration will regulate the combina-
tion therapy. “No one has coregistered two unregistered drugs,” Huang
observed.

SOURCE: Huang presentation (February 10, 2010).
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Cyclin D1

Nature Reviews | Cancer

The Merck—AstraZeneca drug combination targets two pathways: the PI3K-Akt
signaling pathway and the MEK signaling pathway, both known to foster cancer
growth.

SOURCES: Huang presentation (February 10, 2010) and Engelman, 2009.
Reprinted by permission from Macmillan Publishers Ltd: Nature Reviews Cancer,
Engelman, J. A. 2009. Targeting PI3K signalling in cancer: opportunities, chal-
lenges and limitations. 9(7):550-562, copyright 2009.
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get five times more products for one-fifth the cost, with half the number of
volunteers. Esserman added that by shortening clinical trial times, not only
is efficiency improved, but enthusiasm for the trial is sustained.

Win-Win Situation

Several speakers concluded their talks by noting that when pre-
competitive collaborations work, they can provide a win—win situation for
drug companies, patients, academic researchers, and insurers by speeding
up and by lowering the costs of drug development, and by reducing the
risk and uncertainty of drug development. For example, the Myelin Repair
Foundation’s Accelerated Research Collaboration, described by Lakhani,
aims to address systemic problems in medical research and commercial drug
development through “a radical new process that recognizes the incentives
and limitations of academic scientists, commercial biopharma, government
regulators, and patients and their families, and fosters behavioral changes by
adding tangible value to everyone” (MRE, 2010) (see Box 6). Altshuler went
further by claiming that successful collaborations are beneficial to society
because “it benefits all of us to improve quality, to increase innovation,
and to reduce costs. I think precompetitive collaboration is a particularly
relevant topic to the health care debate.” In discussing precompetitive col-
laborations to develop predictive cancer biomarkers, Esserman added, “the
whole point is that it does not hurt anyone, and it helps everyone.”

CHALLENGES TO COLLABORATING

Although precompetitive collaborations have many advantages, they
also have several challenges that need to be overcome to be successful, speak-
ers noted. These challenges include

 Technical issues such as the need for standards and interoperability
of information technology;

* Legal issues such as ownership of intellectual property, antitrust law,
and conflict of interest;

* Regulatory issues, such as the willingness of regulators to accept new
models of drug development based on collaborative efforts;

* The need for incentives and rewards, and changing the surrounding
culture so it supports sharing; and

* Time constraints faced by leaders needed to participate and make
collaborations successful.
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Standards and Interoperability

“We have lots of different data in different buckets,” Nguyen explained.
“The data are in different formats. When you use the word ‘gene’ in one
database, it doesn’t mean the same thing as the word ‘gene’ in another data-
base. How do you make them talk to each other or link up to each other so
you can do data integration, bioinformatics? This technical challenge has
to be solved if you are going to do large-scale bioinformatics.” McClellan
added that addressing inconsistent or otherwise non-comparable data
requires standards and infrastructure that can be costly to develop.

Williams-Jones agreed, adding, “we are really good at building these
big databases that won’t talk to each other.” He pointed out that even a big
database with everyone’s data interoperable within it is not sufficient with-
out standard ways to analyze and interpret that data. “We are not very good
at building standards on top of that database so we can start to make asser-
tions based on the data—Is the gene linked to this disease? Is this compound
linked to this target or other targets>—moving up from the basic data at the
bottom end to application knowledge at the top end. We have got lots at
the bottom, but not very much at the top,” Williams-Jones said.

Friend noted that the current way of doing research will have to change
because the lack of standardization limits the usefulness of the data and
prevents investigators from building on new knowledge. Currently, he
said, “the person who gets funded to generate the data is the person who is
funded to make the analysis, and the conclusion comes out in a way where
no one else is in a position to use it afterward. This isn’t a sustainable way to
do research. Imagine instead a world where you assume the data you were
going to generate was going to be coupled to data other people have gener-
ated, and people are going to take that data and those models and use them
later. To do that, many of the ways we do our experiments are absurd. We
don’t keep track of conditions. We don’t annotate in a standard way. How
are we going to get really good quality data to pull this off? We have to solve
this issue because if we can get to the point where the data are in a standard
format, then we will start an n+1 engine, which means that the addition
of another small piece of information to whatever data I had before makes
everything significantly better.”

Heywood added that the standard way of coding patients’ symptoms
often is not adequate and does not capture important nuances. “The reality is
that what people are coded and diagnosed with, and the terms used, are being
driven much more by reimbursement than they are by health,” he said.

Heywood called for standard terminology that is understandable by
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BOX 6
Myelin Repair Foundation’s
Accelerated Research Collaboration

The mission of the nonprofit Myelin Repair Foundation (MRF) is to
stimulate the rapid discovery and delivery of myelin repair treatments to
multiple sclerosis patients by building relationships and managing every
step in the therapeutic development process from basic science to Food
and Drug Administration approval.

Karim Lakhani, assistant professor at Harvard Business School,
pointed out that the MRF has an infrastructure that forces collaboration
across disciplines at five academic laboratories. The laboratories repre-
sent expertise in neurobiology, genetics, cellular models, animal models,
proteomics, and immunology. The MRF provides half the funding for
the research on myelin done at these laboratories, and in return, the
investigators commit to sharing their results immediately across all the
participating laboratories prior to publication.

With coordination from the MREF, this team developed a research
plan and designed experiments to carry out that plan, which focuses on
identifying therapeutic targets for myelin repair that will lead to patient
treatments. The MRF research consortium of five laboratories was
launched in 2005, and since then has:

* |dentified 19 novel targets, 8 of which are moving forward with
further development, and 2 of which have entered the target
validation phase;

physicians, researchers, and patients. Friend suggested having terminol-
ogy that uses the common terms patients use to describe their symptoms.
“Let the community of patients define the terms because then they will
be used in a common way. There will be biorepositories hanging out all
over the world, and electronic medical records, and neither are going to do
any good until you have a common vocabulary and ways to query those,”
Friend said. Heywood added that PatientsLikeMe requires any companies
it partners with for developing measures of disease to commit to putting
those measures out in the public domain. “We don’t want to be proprietary
in the definitions of how we measure disease and ultimately want to make
that a public resource,” he said.
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e Published more than 50 papers in peer-reviewed journals;

e Created 24 new tools for accelerating research, including data-
bases, animal models, and testing platforms; and

e Filed 12 patents and received 1 patent.

Lakhani noted that one of the big issues the MRF needed to
confront was intellectual property, since the five laboratories were
located in different universities with different technology transfer
offices and different rules. The MRF developed a framework for estab-
lishing membership and technology transfer agreements with each
participating university. Through these agreements, the MRF files
patent applications protecting the intellectual property developed in
its funded laboratories, which cover discoveries that may contribute to
potential treatments. According to the MRF website, patent protection
can reduce the financial risks to pharmaceutical companies, which may
increase the industry’s interest in undertaking new drug development
and clinical trials for myelin repair treatments. Income generated from
patents is used to fund future research, with the aim to create a self-
sustaining research model.

SOURCES: Lakhani presentation (February 9, 2010) and MRF, 2010.

Legal Issues

Concerns over privacy, conflict of interest, antitrust law, and the shar-
ing of international data can inhibit precompetitive collaborations. Cohen
said that conflict of interest and conflict of commitment for academics and
for society as a whole are big issues. He pointed out that faculty who are the
world’s experts in specific areas are often asked to consult with a company
on whether they should pursue a line of research or develop a product. But
as soon as the academics do such consulting, they are banned from being a
principal investigator for evaluating the product. Huang said that academics
are often willing to collaborate with industry in biomedical research, but
there is an inability to collaborate due to conflict-of-interest rules and

Copyright © National Academy of Sciences. All rights reserved.



Extending the Spectrum of Precompetitive Collaboration in Oncology Research: Workshop Summary

34 PRECOMPETITIVE COLLABORATION IN ONCOLOGY RESEARCH

policies. “There is an increasing stranglehold on individuals in universities,
either from the tech transfer office that is slower than molasses, or from their
rules over conflict of interest and disclosures, etc. So it becomes much more
difficult now to collaborate than in the past,” she said.

“We won’t eliminate these conflicts, but we need to figure out how to
manage them,” Cohen said. “We need to be transparent about them, and
we are trying to figure out how to do that in a way that is meaningful for
the public. Do I disclose that I have a $3 million NIH grant, most of which
is subcontracts that have little to do with my scientific pursuits?”

Intellectual property issues in general often have hampered multi-
institutional relationships, in part by the institutions, and in part by the
investigators who want to protect their own intellectual property. The
university protects that investigator’s right to that information, often more
vigorously than the individual investigators. “So to ask them to share it is
to ask them to share their soul,” Cohen said. “We need to get over that.
We need to recognize that there is value in sharing that information, and it
won't compromise academic productivity.”

Other contract issues pose legal challenges to collaboration, including
limitations that corporations have on what they can give away, as well as
liability concerns, Nguyen pointed out. Friend raised the issue of sharing
data internationally, and whether the Patriot Act puts restrictions on such
sharing. Vockley noted that the TCGA data are shared internationally unless
restricted for patient privacy reasons. But he added that discussions on
international data sharing are ongoing and a “work in progress.” Another
looming issue Cohen said needs to be resolved is who owns electronic medi-
cal records and can limit access to them by researchers.

FDA Regulatory Issues

Some speakers and attendees expressed hesitancy over their willing-
ness to participate in new collaborative drug development models without
knowing how well received those efforts will be by FDA. Munos pointed
out what he called regulatory gaps. “A pharmaceutical company can say
that the reason why they have embraced target-based drug discovery is that
this is the only system that exists for which there is regulatory clarity,” he
said. “They are understandably reluctant to launch a batch of studies to
then find out later that they have to redo them all because the studies they
did weren’t designed to meet the regulatory requirements that did not exist
at the time the studies were launched. There needs to be a coevolution
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between scientific innovation and regulation, and that coevolution doesn’t
exist or happen very effectively today.” Munos called for a greater engage-
ment from the broad scientific community about how to regulate innovative
collaborative studies, perhaps using a “Wiki-like” open virtual platform for
brainstorming and developing consensus on this issue.

Huang noted that regulatory uncertainty was one of the biggest
challenges in the Merck—AstraZeneca collaboration. To date, no one has
coregistered two previously unregistered drugs, she said. “This raises all
kinds of questions going forward. Are you obligated to show that mono-
therapy does not work before you can demonstrate that a combination
therapy will?” An adaptive trial® might be a way to deal with this question,
Huang added. Esserman said that FDA’s reaction to adaptive trial designs,
such as the I-SPY 2 TRIAL, is still in flux, although FDA recently released
a draft guidance on the use of adaptive Bayesian designs for trials of drugs
and biologics, and issued a final guidance on the use of adaptive Bayesian
designs for device trials (FDA, 2010b,c,d).

In addition, Esserman noted that prior to the I-SPY 1 TRIAL,” “FDA
was not willing to think about the neoadjuvant setting or complete patho-
logical response as a potential registration path, but now it is something
they might consider. . . . They are definitely willing to accept the idea that
you can use this trial as a way to indicate what biomarker you pick to do a
more targeted Phase III trial. Now that the data from I-SPY 1 are matur-
ing, they clearly show that complete pathological response can be a valid
endpoint if you know how to analyze the data and include the right subsets
of patients. If we work toward that as an industry, this will truly change
drug development in the oncology world forever because this is not unique
to breast cancer. Everything that we have built into I-SPY can be adapted
to any other disease.”

John Mendelsohn, president of MD Anderson Cancer Center, raised the
question of whether FDA would accept the biomarker results in the I-SPY 2
TRIAL to approve the biomarkers being tested. Esserman responded that the
trial is only using biomarkers that already have FDA approval or clearance,

© An adaptive trial is one that incorporates one or more decision points into the design.
How a trial proceeds following cach decision point depends on the data observed up to that
point.

7 The I-SPY 1 TRIAL, a Phase II trial not intended for product registration, preceded
the I-SPY 2 TRIAL. I-SPY 1 was designed to evaluate neoadjuvant chemotherapy in patients
with locally advanced breast cancer and to identify indicators of response to therapy using
pathological complete response.
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or have an investigational device exemption for stratification of patients.
Esserman noted that all of the biomarker tests used in the trial, which are
being evaluated for their ability to predict efficacy of a drug, are being per-
formed in Clinical Laboratory Improvement Amendments of 1988 (CLIA)-
certified laboratories, which means that the data from I-SPY 2 could be used
to get a biomarker registered or approved. However, the sojourn time for
any drug in the trial will be too short to assess the validity of the biomarker,
she added. But the positive results could lead to FDA approval to use the
biomarker in a follow-up registration trial, Esserman said.

Gregory Curt, chair of the CEO Roundtable on Cancer’s Life Sciences
Consortium Task Force and U.S. medical science lead of emerging products
at AstraZeneca-Oncology added that it is also important to understand
what trial designs FDA would be willing to consider for the registration
of combination therapies in development. Martin Murphy, chief executive
officer of the CEO Roundtable on Cancer, noted that this was also a topic
of discussion at the 2009 Conference on Clinical Cancer Research (see
Box 7). He added that conclusions from that meeting will be published in
an upcoming article in 7he Oncologist (Clark et al., 2010).

FDA has been involved in collaborative activities aimed at improving
regulation and product development. The objective of precompetitive shar-
ing, said Woosley, is to develop a scientific consensus on which methods are
qualified for use both among those who will use the methods (e.g., industry)
and those who will accept the methods (e.g., FDA). Described in Box 8,
Woosley provided an overview of the Critical Path Institute, a collaboration
that has forged key partnerships, created collaborations, and helped build
new working relationships among federal regulators and the industries they
regulate (Critical Path Institute, 2010a). Additionally, McClellan discussed
the Reagan—Udall Foundation, whose goal is to advance FDA’s mission
to modernize product development, accelerate innovation, and enhance
product safety (see Box 9).

Culture Change That Encourages Sharing

For precompetitive collaborations to thrive, several speakers noted
the need to change cultures and environments in the field that encourage
competition rather than collaboration. Competing companies often compel
their employees to keep silent about their endeavors, and the sharing of
information is often frowned on lest information be divulged that might
compromise the company’s competitive advantage. Competition is rife in
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academia as well, where investigators compete with each other to get grants
and promotions and to be the first to answer scientific questions and publish
their findings. Even universities compete with each other for high-quality
students and researchers and the status that comes with these investigators.
Rewards and incentives in many of these institutions are set up to encourage
competition, and do not recognize collaborative efforts.

In addition to the traditional academic notions of academic freedom
and intellectual autonomy, “merit, tenure, and promotion processes in the
university undermine everything we are trying to accomplish here,” Cohen
said. “People are promoted for their independent research directions. We
need to get over that and think about how being a member of a collaborative
group allows you to succeed, and get academic rewards for it.”

Esserman agreed, saying, “we need to think very hard about how we
give credit for group science and for people participating in group science.
I think it is much easier for the senior people to do it and much harder for
the junior faculty.” Lakhani pointed out that “promotion, tenure, Nobel
prizes, [and] research grants are all geared toward competition and being
proprietary, and that works against collaboration.” University policies and
procedures regarding technology transfer and linked royalty streams, eco-
nomic autonomy, and contract negotiations also hamper collaborations,
Cohen added.

However, there is diversity in the sharing practices within the sciences,
suggesting that it is possible to foster collaborations with the right environ-
ment and cultural expectations, Nguyen pointed out. Some fields, such
as astronomy, have systems in place to share preliminary data. One study
(Stodden, 2010) found that one of the best predictors of whether a scientist
will want to share his or her data is whether others in their field share data.

“Some of the norms in science of how you share data have to change,”
Nguyen said. But he noted that scientists in both academia and industry
sometimes have legitimate reasons for not sharing their data if they believe
the data provide their core competitive advantage. Problems arise, how-
ever, when they err on the side of protectiveness for fear of giving away
what someday might contribute to an important company trade secret
or academic paper. To counter the excessive protectiveness that hampers
collaboration, “there has to be leadership at the top that says, ‘it is okay to
share, and we will tolerate some mistakes in pursuit of these higher goals,”
Nguyen said.

Curt added that “as people get more experienced about the risks versus
the benefits of early sharing, that paradigm [of not sharing] could change.”
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BOX 7
Conference on Clinical Cancer Research

Mark McClellan, director of the Engelberg Center for Health Care
Reform at the Brookings Institution, discussed the Conference on Clini-
cal Cancer Research, held in both 2008 and 2009 by Friends of Cancer
Research and the Engelberg Center for Health Care Reform. The objec-
tive of these all-day meetings was to identify and develop recommenda-
tions for specific barriers to clinical cancer research. The conference
facilitated dialogue among different stakeholders, including academia,
industry, the Food and Drug Administration (FDA), the National Cancer
Institute (NCI), and patient advocacy groups. The 2009 conference
addressed:

e Data submission standards and evidence requirements,

* Blinded independent central review of progression free survival
endpoints,

* Accelerating development and approval of targeted cancer thera-
pies, and

e Development of rational drug combinations with investigational
targeted agents.

As an outcome of the 2009 conference, FDA has agreed to issue
industry guidances on two of the topics—data submission standards
and evidence requirements, as well as the development of rational drug
combinations with investigational targeted agents. The first guidance will
discuss the type and extent of data collection required for supplemental
indication trials and the second guidance will explore situations in which
a large-scale four-arm Phase lll trial (Drug A vs. Drug B vs. Drug A+B
vs. standard of care) may be modified.

In the session on data submission standards and evidence require-
ments, the panel discussed recommendations from an American Society
for Clinical Oncology—led collaborative effort to optimize data collection
requirements when supplemental indications are sought for previously

He noted that when Merck decided to publish the structure of the protease
protein they used as the basis of an anti-HIV drug, “many people in the
company thought they were giving away the keys to the kingdom, but what
experience showed us was that it had no effect on the Merck HIV program.
The only effect it had was to advance the field.”
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approved drugs. The panel noted the excessive and frequently unneces-
sary amount of data collected for supplemental new drug applications
and supplemental biologic agents that add to the cost of acquiring
additional indications on a label for a drug or biologic. This collaborative
effort collected data from eight trials run by four companies and one
NCI Cooperative Group to determine whether important safety informa-
tion would be omitted by only gathering toxicity data on a subsample of
patients enrolled in a supplemental indication clinical trial using a drug
for which a substantial toxicity profile already exists. The results of the
analysis suggested that data subsampling would not lose important
information about the safety profile.

The panel on the development of rational drug combinations with
investigational targeted agents proposed strategies for simultaneous
development of targeted cancer therapeutics used in combination. Three
feasible codevelopment scenarios were described: synthetic lethality,
co-enhancement, and uni-enhancement. Stakeholders from FDA, NCI,
clinical oncologists at Washington University and Mayo Clinic, and the
Lance Armstrong Foundation participated in this panel’s activities.

A unique aspect of the Conference on Clinical Cancer Research is
that subcommittee meetings of the panelists were convened before the
conference and chaired by a moderator from an academic institution.
Each subcommittee was staffed appropriately for pre-meetings and
authoring of issue briefs that contained topic background, work-to-date
of the subcommittee, and specific recommendations to address the
problem. In addition, this facilitated conference discussions and post-
conference follow-up activities, including the publication of the panels’
findings in an issue of The Oncologist.

SOURCES: McClellan presentation (February 10, 2010) and Abrams et
al., 2010; Clark et al., 2010; Schilsky et al., 2008.

Munos cautioned that more attention should be paid to cultural influ-
ences and what he called “status quo police” that try to protect large organiza-
tions from change. “There is a misconception in the pharmaceutical industry
that innovation is a byproduct of organization, and if we can somehow orga-
nize right, innovation will follow. This is a fallacy. Innovation is a by-product
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BOX 8
Critical Path Institute

The “critical path” is an engineering term for the most efficient
and direct route to a final product. With the release of the 2004 report,
Innovation/Stagnation: Challenge and Opportunity on the Critical Path
to New Medical Products, the Food and Drug Administration (FDA)
launched the Critical Path Initiative, the agency’s strategy to drive inno-
vation in the scientific processes through which FDA-regulated products
are developed, evaluated, manufactured, and used. In support of the
Critical Path Initiative, the Critical Path Institute (C-Path) was founded by
FDA and the University of Arizona in 2005 as an independent, nonprofit
organization dedicated to bringing scientists from FDA, industry, and aca-
demia together to improve the path for innovative new drugs, diagnostic
tests, and devices to reach patients in need. C-Path manages industrial
consortia of companies willing to share precompetitive knowledge and
work in support of projects that are identified as high priority by FDA, and
are in the interest of public health.

C-Path’s mission has been to serve as a “trusted third party” to
enable innovative collaborations among government regulators, the aca-
demic community, and regulated businesses. To enforce its neutral status,
C-Path does not accept monies from organizations that develop products
regulated by FDA, or that would create a real or perceived conflict of inter-
est. Sources of support include contributions from both the public sector
and private foundations in the state of Arizona, as well as grant awards
from FDA and the Agency for Healthcare Research and Quality. The
research done to generate the data used by C-Path, however, is funded
by the regulated industry as well as by the Foundation for the National
Institutes of Health (FNIH) and the Innovative Medicines Initiative.

Participants in C-Path’s consortia include 28 major pharmaceuti-
cal companies, FDA and the European Medicines Agency (EMEA),? 4
National Institutes of Health (NIH) institutes, 6 patient advocacy organi-
zations, and more than 600 scientists. “We felt like we had to have the
regulators present, not just sitting in occasionally, but actually working
as advisors on a day-to-day basis with the teams. We also needed the
scientists from the NIH and academia there to bring in the new science
that can make this process more advanced. Then we found very quickly
that you really have to have the patients, not as window dressing, but
with a voice and give them a vote at the table,” said Raymond Woosley,
president and CEO of C-Path.

C-Path’s consortia include one aimed at improving safety testing
of new drugs that involves sharing testing methods for drug safety,
one aimed at improving drug efficacy by developing qualified patient-
reported outcomes, and one whose goal is to foster sharing of placebo
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and control clinical data. The consortia are international endeavors, with
members from across the globe. Each consortia has four or five working
groups, each composed of about 20 scientists who meet every month
by telephone and every quarter in person.

C-Path’s accomplishments include

* Developing a new pathway for qualification of new tools, such
as biomarkers, used in drug development. This pathway, being
developed with FDA and the EMEA, addresses the need for a
process to change the way drugs are tested, and having those
changes accepted by regulators.

* Acquiring cross-validating data from several companies on seven
renal injury biomarkers through the Predictive Safety Testing Con-
sortium. These data were submitted to FDA and the EMEA, which
later jointly approved them as qualified biomarkers for use in drug
development. Data on many of these biomarkers had been pub-
lished in the medical literature, but not submitted for FDA review.

e Establishing the Coalition Against Major Diseases, where several
companies have indicated an interest and willingness to pool
their placebo data, including data on imaging and biochemical bio-
markers to aid the creation of quantitative disease models. Thus
far, 11 companies have submitted their data for pooling. The goal
is to use these disease models to stratify drug-responsive frac-
tions in subpopulations. Then those tools can be used to model
and simulate clinical trials that could improve the likelihood of suc-
cess. Requests have been submitted to FDA to qualify biomarkers
for Alzheimer's disease and Parkinson’s disease based on the
pooled data.

Participants in C-Path consortia sign a legal agreement indicating
that all the consensus data they produce will be made public, although
C-Path does provide companies with the opportunity to initially limit the
disclosure to encourage sharing.

SOURCES: Woosley presentation (February 9, 2010); Critical Path Insti-
tute, 2010a,b; FDA, 2004, 2008, 2010a.

4The European Medicines Agency is the European regulatory body
responsible for the scientific evaluation of medical products (http://www.
ema.europa.eu).
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BOX 9
Reagan-Udall Foundation

Mark McClellan, director of the Engelberg Center for Health
Care Reform at the Brookings Institution, cited the Reagan—-Udall
Foundation as a potential source of support for collaborations in
development and regulatory science. Created in 2007 by the Food
and Drug Administration Amendments Act of 2007, the Foundation
was designed and given statutory authority to collaborate closely
with the Food and Drug Administration (FDA) on scientific priorities
to advance the agency’s mission to modernize medical veterinary,
food, and cosmetic product development, thereby accelerating
innovation and enhancing the safety of medical products. Due to the
absence of congressional appropriations, the Foundation has been
slow to get off the ground, according to McClellan. But the Foun-
dation plans to collaborate or contract with stakeholders, such as
FDA, university consortia, public—private partnerships, academia,
nonprofits, and industry, to efficiently and effectively advance its
goals and priorities.

SOURCE: McClellan presentation (February 10, 2010).

of culture, not organization. The need to change culture is an issue that is not
addressed enough by the pharmaceutical industry,” he said.

Culture also becomes an issue when it fosters different managing styles
in collaborating institutions. Vockley noted that the difference in cultures
among the various government agencies participating in the TGCA proj-
ect is a challenge. The National Cancer Institutte (NCI), for example, is
much more hands-on with their funded investigators, he said, whereas the
National Human Genome Research Institute (NHGRI) is less involved.
“This brings about different administrative policies within different organi-
zations, and we have found that we were able to come to common ground,
but it does take some time to do so,” Vockley said.

Time and Commitment

Several speakers pointed out the need to have the leaders of institutions
participating in collaborations actively involved in the process. But these
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leaders in industry and government agencies have limited time which can
hamper their ability to meet in person or by phone on a monthly or even
more frequent basis, so as to forge and maintain collaborations. “The most
difficult thing about consortia is not money, but getting the right people to
invest their time,” said Wholley. Woosley agreed, adding, “everybody has
got a day job,” and there have to be rewards and incentives to overcome
the “consortium fatigue” that many executives experience. “We do have too
many meetings,” Vockley acknowledged. “Frequently we have people stop
participating in the project in a meaningful way simply because they just
have too many demands and they cannot do it all.” McClellan added that
the management and coordination costs for collaboration may be signifi-
cant, and developing consensus for action may be difficult.

WHAT TO SHARE

Nguyen prefaced his discussion of what can be shared in collaborations,
that is, what is considered precompetitive, by noting that the different infra-
structures of academia and industry foster differing notions of what can be
shared and when. “In industry, the dividing line is what is precompetitive
and what is competitive, and in academia it is what is competitive for me
so that I can get my grants or my research done, but then everything else
is postcompetitive once I publish. There is a gap between what [academic]
scientists consider to be postcompetitive and what industry considers to be
precompetitive,” Nguyen said, with industry often waiting until patents are
filed before publicly disclosing the information those patents are based on,
while academic scientists are often eager to publish their data before that
stage.

Buct this gap in what is considered precompetitive is closing, Nguyen
noted, because companies are increasingly focusing more on data exploita-
tion than data generation as their core competency that should be pro-
tected, as well as shrinking research and development budgets. Likewise,
on the academic side, there is greater availability of high-quality data in the
public domain. “The quality of data [in the public domain] has improved
drastically over time, and the public tools—Ilike some of the open-source
tools that you have heard about—have grown much more sophisticated,”
Nguyen said. “These changes mean that what is available in the commons
is starting to be almost as good as what companies can develop themselves
internally.” Nguyen also suggested that some of the norms regarding how
people share data in the commons have started to solidify. He pointed to a
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recent opinion piece from genomic scientists who recommended that post-
competitive data and tools be shared openly in the public domain without
legal restrictions (Schofield et al., 2009).

Due to this expanding public domain, Williams-Jones observed, com-
panies “are all reading the same literature and taking the same data in, so it
shouldn’t be that much of a surprise that we are all running the same programs
in the same disease areas, and pursuing the same targets. Precompetitive is
not what you've got, but what you do with it.” Consequently, the methods,
standards, and tools used in biomedical research and the early stages of devel-
opment are not as proprietary. How that information is used by individual
companies in the later stages of drug development is more important.

This was evident in several suggestions by conferees for what is consid-
ered precompetitive and sharable, such as:

* Standards for common data elements, data analyses, and informa-
tion technology infrastructure;

¢ Biomarker data and standards;

* Control data, and data and insights from failed trials;

e Compound toxicity information;

* Disease model knowledge, including pathway networks and the
molecular basis of disease;

¢ (Clinical methods; and

* Contract language used to build collaborations.

Bioinformatics Resources and Standards

Nguyen and Williams-Jones stressed sharing bioinformatics resources
and tools, as well as common data standards, formats, and tools, to integrate
data. “Companies spend large amounts of time and money on internally
developing or licensing data integration and analysis tools that analyze
public domain data. This reinventing the wheel in bioinformatics is costly
and no single company can create and enforce industry-wide data integra-
tion standards. This is an area where, without sacrificing some of your com-
petitive advantages, you can develop some common tools,” Nguyen said.
Williams-Jones described several collaborations with the goal of improving
bioinformatics in medical product development (see Box 10).

Common data elements and standards are also critical, noted Friend,
Woosley, Heywood, and other speakers and attendees. “We have to be
referring to and recording things in the same way,” Woosley said. He also
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suggested sharing methods for safety and efficacy testing. “Companies
are willing to share how they test drugs, and we have also found that they are
willing to share their knowledge of diseases when they are running into
brick walls and not making progress,” he noted.

Biomarker Data and Standards

Some speakers, such as McClellan, Wagner, Curt, Eck, and Nguyen,
suggested that biomarker standards, or even the biomarkers themselves,
should be shared. “Even in the critical area of biomarkers, there is more
appreciation that we are overlapping and reduplicating in each of our com-
pany programs, and that could be done better if they were done to a certain
standard,” said Curt. Eck added that the “tools that we all build internally
at great expense, such as PET [positron emission tomography] ligands and
biomarkers, really would be better served if we just made them available
for free because they would become validated more quickly, or their warts
would become known more quickly.”

Speakers discussed several precompetitive collaborations involv-
ing biomarker data and biomarker standards, including the Biomarkers
Consortium and its associated projects.

The Biomarkers Consortium?

Wholley elaborated on the Biomarkers Consortium, a project of the
Foundation for the NIH (FNIH).? This consortium, whose founding part-
ners included FDA, NIH, the Centers for Medicare & Medicaid Services
(CMS), the Biotechnology Industry Organization, and the Pharmaceutical
Research and Manufacturers of America, was prompted by the growing
awareness of the importance of biomarkers. Many view biomarkers as key

8 Information about the Biomarkers Consortium is from David Wholley’s presentation
on February 9, 2010.

° The FNIH is a nonprofit, nongovernmental organization formed in 1996, when it
was authorized by the U.S. Congress to support the mission of the NIH by creating and
managing public—private partnerships. The Foundation provides a neutral forum that can
engage and forge partnerships among often traditionally competitive participants. These
participants include industry, academia, federal agencies, and the philanthropic community.
With its grants, contracts, and project management capabilities, the Foundation supports
major research partnerships, as well as scientific education, training, conferences, and program
facilitation.
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BOX 10
Collaborations Aimed at Improving
Bioinformatics and Information Technology

Bryn Williams-Jones, associate research fellow and head of eBiology
at Pfizer, elaborated on several initiatives and collaborations aimed at
improving bioinformatics and information technology, including the Euro-
pean Bioinformatics Institute (EBI) industry program, the Pistoia Alliance,
and the Innovative Medicines Initiative (IMI).

European Bioinformatics Institute

The EBI industry program hosts precompetitive quarterly meetings
with 16 member drug companies and agribusinesses working in the
fields of pharmaceutical and biotechnology research and development
informatics. Members work together to organize intensive workshops that
focus on key informatics issues encountered during drug discovery and
development. The program also initiates special bioinformatics research
projects with targeted collaborative funding. The program provides a
neutral meeting place for intercompany interactions on bioinformatics,
Williams-Jones pointed out. Members pay a subscription fee to join the
program. That subscription helps pay for member-deemed priority pilot
projects that involve all participating companies. For example, one such
pilot project entailed research on text mining.

Pistoia Alliance

The Pistoia Alliance is an initiative to streamline precompetitive ele-
ments of the pharmaceutical drug discovery workflow, such as chemistry,
biological screening, and logistics, by developing open standards for
common business terms, relationships, and processes. More specifically,
this collaboration of more than 20 mostly pharmaceutical companies
aims to:

to reducing the time and expense required to bring new drugs to market
(Park et al., 2004; PCAST, 2008; Zerhouni et al., 2007). The development
and validation of cancer biomarkers is also critical to the success of targeted
therapies, as evidenced by Herceptin and other drugs.

But biomarker development and validation lag far behind the devel-
opment and clinical testing of the innovative treatments that depend on
them for their success. Wholley pointed out that out of more than 1,000
putative cancer protein or peptide biomarkers described in the literature
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e Standardize interfaces and messages, including terminology;
e Simplify architectures and support models across industry; and
e Centralize services to reap economies of scale and scope.

The Pistoia Alliance’s board of directors develops a roadmap and
gives final approval for the technical standards developed by the technical
committee. Pharmaceutical and biotechnology companies are the only
voting members. (Participating vendors and academics do not vote.)

Innovative Medicines Initiative

The IMI is a unique public—private partnership between the phar-
maceutical industry (represented by the European Federation of
Pharmaceutical Industries and Associations) and the European Commu-
nities (represented by the European Commission). The initiative’s overall
goal is to make Europe the world leader in pharmaceutical research for
the benefit of the economy and society, by removing research bottle-
necks in the current drug development process.

The world’s largest public—private partnership, IMI receives funding
from the European Union and industry in-kind resources. A major focus
of IMI is knowledge management, which includes translating various
standards in European electronic health records to extract common data.
IMI also provides a drug—disease modeling library and clinical pharmaco-
kinetic and pharmacodynamic models that are in the public domain. In
addition, IMI has created a publicly accessible database containing data
on target biology.

SOURCE: Williams-Jones presentation (February 9, 2010).

(Polanski and Anderson, 2006), only 9 are FDA approved as “cumor-
associated antigens” and fewer than 1 per year have been approved by the
FDA since 1998. There is a lack of biomarker validation for other diseases
as well as cancer. “A lot of people feel something needs to be done to
improve this rather low rate of success and get over this biomarker barrier,”
Wholley said.

Consequently, the Biomarkers Consortium was launched in 2007 to
facilitate the development and validation of biomarkers using new and
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existing technologies in a precompetitive context. The Consortium aims
to qualify biomarkers and validate the underlying analytical technolo-
gies for specific applications in diagnosing disease, predicting therapeutic
response, or improving clinical practice. In the spirit of precompetitive-
ness, however, the Consortium will not qualify or validate biomarkers in
areas that directly intersect with certain compounds being developed by a
specific company.

The Consortium is expected to generate information that can inform
regulatory decision making, and its results are broadly available to the entire
scientific community, not just its participants. “The whole goal of the Con-
sortium is to drive significant public health benefit,” said Wholley.

The Consortium has more than 50 contributing members, including
12 of the largest pharmaceutical companies, academic researchers, and
numerous nonprofit organizations. The Executive Committee of the Con-
sortium has senior representatives from NIH, FDA, the pharmaceutical
industry, the FNIH, CMS, and patient advocacy groups. Steering com-
mittees for four major types of diseases also have equal representation from
NIH, FDA, industry, and academia and are composed of 20 to 30 indi-
viduals. These committees, along with the Executive Committee, decide
what biomarker projects to pursue, and direct smaller project teams of 8
to 10 people, which also have balanced representation across all sectors, to
carry out the project. Projects are approved based on their scientific merit,
precompetitive quality, and feasibility.

The project plan, which is developed by both the steering committee
and project team, includes governing policies for intellectual property and
data sharing, confidentiality, conflict of interest, selection and award of
grants and contracts, and antitrust issues, which are posted on the Internet
(FNIH, 2010¢).

There is core funding for the Consortium that enables it to run its basic
infrastructure, but projects are funded on a case-by-case basis, which can be
challenging. “Hopefully, we have the involvement of companies in the steer-
ing committees and project teams that are really interested in working on a
project because when it comes to the end of the day, a company can choose
to fund a given project or not as they wish,” said Wholley. He added that
“a lot of the projects also rely on in-kind basic investment by NIH, which
helps, because industry is looking at this and saying, ‘we are leveraging a
large preexisting investment that has already been made by the NTH.

The Consortium already has funded and launched seven projects,
including the I-SPY 2 TRIAL, discussed below. Two imaging studies, ini-

3%
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tially developed under the Oncology Biomarker Qualification Initiative,
have also been approved and funded (see Box 11). Five additional projects
are fully planned and in the funding process, with two more in the near-
term development pipeline, including one on renal toxicity biomarkers that
is being done with another consortium (C-Path). One project has been
completed; this project pooled deidentified and blinded biomarker data
from four companies to assess the performance of adiponectin as a poten-
tial marker of glycemic efficiency. This analysis found that in patients with
type 2 diabetes mellitus, adiponectin level is a robust predictor of glycemic
response to peroxisome proliferator-activated receptors. Additionally, the
investigators concluded that “cross-company precompetitive collaboration
is a feasible and powerful approach to biomarker qualification” (Wagner et
al., 2009).

I-SPY 2 TRIALY

I-SPY 2 is a Phase Il multisite clinical trial that was launched March 17,
2010, to test multiple experimental drugs while simultaneously assessing the
ability of various biomarkers to predict response to the investigational agents.
[-SPY 2 builds on I-SPY 1,!! which was designed to evaluate neoadjuvant
chemotherapy in patients with locally advanced breast cancer, bringing
together data from multiple molecular biomarker studies and biomedical
imaging (Barker et al., 2009).

In I-SPY 2, 800 patients with locally advanced breast cancer will have
their tumor biopsies characterized by a panel of biomarkers, some of which
are established and approved and some of which are exploratory or need
to be qualified. Biomarkers that have FDA approval or clearance, or have
an investigational device exemption will be used to stratify patients to
treatments, while exploratory biomarkers will be tested to determine if
they predict response to a drug. The results from biomarker tests on these
biopsy samples will be used to assign the patients to different groups that
will receive 1 of up to 12 experimental drugs and/or standard drug therapy
prior to surgery. Using biomedical imaging, the effect on the tumor will be

10 Tnformation on I-SPY 2 is from Laura Esserman’s presentation on February 10, 2010,
and David Wholley’s presentation on February 9, 2010.

"1-SPY 1 was a collaboration involving the NCI’s Specialized Programs of Research
Excellence, the American College of Radiology Imaging Network, Cancer and Leukemia
Group B, and the NCI Center for Biomedical Informatics and Information Technology.

Copyright © National Academy of Sciences. All rights reserved.



Extending the Spectrum of Precompetitive Collaboration in Oncology Research: Workshop Summary

50 PRECOMPETITIVE COLLABORATION IN ONCOLOGY RESEARCH

BOX 11
Oncology Biomarker Qualification Initiative

The Oncology Biomarker Qualification Initiative (OBQI) is an
agreement between the Food and Drug Administration (FDA), the
National Cancer Institute (NCI), and Centers for Medicare & Medic-
aid Services (CMS) to collaborate on improving the development of
cancer therapies and the outcomes for cancer patients through bio-
marker development and evaluation. Established in 2006, the goal
of the OBQl is to validate particular biomarkers so they can be used
to evaluate promising technologies in a manner that will shorten
clinical trials, reduce the time and resources spent during the drug
development process, improve the linkage between drug approval
and drug coverage, and increase the safety and appropriateness of
drug choices for cancer patients.

Two imaging studies, initially developed under the OBQI,
have been approved and funded by the Biomarkers Consortium.
These clinical trials assess the use of fluorodeoxyglucose-positron
emission tomography (FDG-PET) imaging in non-Hodgkin’s lym-
phoma and in non-small-cell lung cancer. The goal of these trials
is to determine the linkage of FDG-PET imaging to the effect of
conventional cytotoxic drugs in clinical outcome and survival. By
establishing a role for FDG-PET in assessing response to treat-
ment and predicting outcome, it is thought that FDG-PET has the
potential to be validated as a surrogate endpoint for clinical benefit
in these cancers.

According to Gary Kelloff, special advisor to NCI's Cancer Imag-
ing Program, with a few additional studies, FDG-PET could facilitate
drug development and patient care by enabling faster Phase Il stud-
ies that evaluate new treatments, accelerated approval in Phase I
trials, with full approval contingent on evidence of clinical benefit
after longer term follow up, and better patient care by ceasing inef-
fective therapies earlier.

The data from these clinical trials will inform both regulatory
review processes and CMS decision making regarding reimburse-
ment for these imaging tests.

SOURCES: Kelloff presentation slides provided in the workshop
briefing book, FNIH, 2010a; Kelloff et al., 2005; NCI, 2006, 2010.
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measured at four points during the 6 months the patients receive treatment,
and when the tumor is removed. The patients will then be monitored for
5 years.

This innovative study uses an adaptive trial design to enable researchers
to use early data from one set of patients to guide decisions about which
treatments might be more useful for patents later in the trial. The study
design also enables drugs to be dropped quickly from the trial if they are
ineffective or harmful (FNIH, 2010b). “We are categorizing patients by
biomarker category, so if we see the drugs are not improving the standard
response, maybe in particular biomarker classes, we will restrict it and stop
assigning to those groups where it is not working, and give it only to the
groups where it is working,” said Esserman, who is one of two principal
investigators of the I-SPY 2 TRIAL.

In addition, the study design allows drugs to be graduated to Phase I1I
trials sooner if they are shown to be beneficial. Once drugs graduate to
Phase III testing or are dropped, new drugs will seamlessly be entered into
the trial to take their place.

Promising data on biomarkers in I-SPY 2 can be used to support a Pre-
market Approval (PMA) application at FDA or to request to use a biomarker
to stratify patients in a Phase III validation study, according to Esserman.

Wholley was enthusiastic about the I-SPY 2 TRIAL. “This will
potentially revolutionize the design of clinical trials,” he said. “It will help
identify which patients benefit most from which therapies. And from the
industry perspective, if the trial is successful, it will mean that some of these
companies that put their drugs through this trial can do Phase III trials
with hundreds rather than thousands of patients. So it is better, faster, and
cheaper moving forward.”

The I-SPY 2 TRIAL focuses on patients with locally advanced cancers,
who have a higher likelihood of less favorable long-term outcomes and a
higher risk of relapse (Valero et al., 1996). By incorporating adaptive fea-
tures in the clinical trial design of I-SPY 2, it is possible that these patients,
particularly those who enter after much learning and adapting has taken
place, will get a better chance of being put on a regimen that will effectively
treat their cancer, Wholley explained.

The trial is testing promising drugs by class from many companies,
each of which is contributing the experimental agents. “We are not testing
one company’s IGFR [insulin-like growth factor receptor] inhibitors as well
as another company’s IGFR inhibitors. Whoever’s drug is farthest along
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the pipeline goes in first, the whole industry learns, and we move forward,”
Esserman said.

The unique structure of the trial and the multiple companies involved
in it, however, create numerous challenges, especially in the regulatory
arena. Usually multple drugs and biomarkers require multiple trials, each
with its own investigational new drug (IND) application. Even when a drug
is successful in the first phase of testing, the trial has to be stopped and a
new one created to continue testing in the next phase. This is extremely
time consuming and inefficient, Esserman noted. To speed up the process,
the Biomarkers Consortium, trial organizers, and FDA worked together to
develop a plan in which the master IND being used by the trial is being
held by the FNIH, who manages the Biomarkers Consortium along with
several other large biomedical partnerships. The FNIH was chosen because
it was seen as a trusted, neutral third party that can sponsor and manage
the trial fairly and effectively.

In addition, the initial five experimental agents that will be used in
the trial were approved for testing purposes by FDA and the relevant insti-
tutional review boards (IRBs) before the trial started. Other agents that
will be evaluated in I-SPY 2 TRIAL (there will be as many as 12) will be
submitted to FDA and IRBs for approval for testing purposes as the trial
progresses, so that by the time investigators are ready to add new agents to
the trial, they will be ready to enter new patients. Each time a new agent is
added to the trial, an appendix is added rather than changing the protocol.
Esserman stressed that an effort was made to involve all the stakeholders
from all the sites as early as possible. For example, in preparation for IRB
approval, 45 key stakeholders were brought together for education and
feedback. This changed a traditionally long linear process, with consecutive
approvals by various participants and inefficient reapproval loops, to a more
streamlined team effort.

No single company stands to be the sole beneficiary of the I-SPY 2
TRIAL. The IP resulting from the trial will be handled according to existing
policies of the Biomarkers Consortium (see also Figure 5):

* Dreexisting IP related to agents contributed by companies will
remain with the company owning that IP.

* Dreexisting IP related to biomarkers and platforms will remain with the
inventing companies, and be licensed for use in the project. In some
cases, the tests have been published and are available commercially.

* New IP will be managed by the FNIH, acting as a trusted third party
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Inventing Organizations grant
exclusive licenses to new IP to
FNIH

Medical Center A

o FNIH prosecutes and Drug Company A
Medical Center B manages resulting patents /
Laboratory C FOUNDATION <«—> | Drug Company B
BT

National Tnstitutes of Health

— I Diagnostic Company C I

$$

FNIH markets and licenses IP to
interested parties

« Will negotiate exclusive or non-
FNIH returns a fair share of exclusive commercial license with
royalties (less expenses) to limited field of interest
Inventing Organizations

FIGURE 5 The approach to new intellectual property (IP) in the I-SPY 2 TRIAL. In
I-SPY 2, inventing organizations grant exclusive licenses to new IP to the Foundation
for the National Institutes of Health (FNIH), with the FNIH prosecuting and managing
resulting patents. FNTH will then market and license IP to interested parties and return
royalties to the inventing organizations, less expenses.

SOURCE: Wholley presentation (February 9, 2010).

to hold and license the new inventions. The FNIH will return a fair
share of royalties (less expenses) to inventing organizations.

e The FNIH prosecutes and manages resulting patents.

* Darta are expected to be broadly applicable, and will be made broadly
available.

Participating institutions in the I-SPY 2 TRIAL use common data ele-
ments and a shared information technology infrastructure, which employs
tools provided by caBIG.!? Within the caGRID, the underlying archi-
tecture of caBIG, the I-SPY 2 TRIAL is leveraging several bioinformatics
platforms, including caTISSUE, caARRAY, and calntegrator. Access to
the data is democratized and credit is shared. “Everything about the I-SPY
trials is about taking the team approach,” said Esserman. At the same time,
she pointed out, each participating company is made to feel like they have
their own trial within a trial. “It is a way to share and still give people a

12 caBIG stands for the cancer Biomedical Informatics Grid, an information network
that enables members of the cancer community to share data and knowledge (https://cabig.
nci.nih.gov).
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sense that they still have some control over what is happening,” she said.
In addition, to give more people credit for their work, rather than the trial
having a single principal investigator, two chaperones are assigned for every
agent and every biomarker.

The I-SPY 2 TRIAL is expected to cost approximately $26 million
over 5 years (FNIH, 2010b). Some funding secured for the trial includes
contributions from Safeway, Inc., Johnson & Johnson, Genentech, and Eli
Lilly and Company. The FNIH is working to raise the remaining funding
from pharmaceutical and other companies, nonprofit cancer organizations,
and philanthropic foundations and individuals. Only some pharmaceuti-
cal companies who have funded I-SPY 2 are participating in the trial. “We
really wanted to separate the financial support from the drug supply,” said
Esserman.

Esserman summarized the numerous benefits the trial is expected to
have for a wide range of stakeholders, including patients, FDA, pharmaceu-
tical and device industries, academia, NCI, and CMS (Table 1).

Disease Characterization and Models

Most speakers also suggested that disease characterization and disease
models, including target identification, and other basic science information
can be shared without hampering competitiveness. “Most companies would
not regard biomarker data, toxicity data, biological pathways, and basic target
information as competitive, particularly if they are far away from identifying
a particular active drug or compound,” Nguyen said. Friend added that a
significant difference exists between sharing information about diseases and
sharing information about compounds and their effects on the diseases,
and companies will be more likely to share the former than the latter.

Clinical Methods and Contracts

On the clinical side, McClellan suggested sharing endpoints and data
collection standards and methods, including clinical designs and statistical
analysis methods. For optimum regulation, McClellan also suggested shar-
ing evidentiary standards for markers, tests, and therapies; guidance for trial
designs and endpoints; and codevelopment of treatments. Curt suggested
sharing standard contract language for clinical trials to expedite negotia-
tions required between industry and publicly-funded investigators before
the launch of a collaborative trial. He spoke about the CEO Roundtable on
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TABLE 1 Value Proposition and Benefit for Partners Involved in the

[-SPY 2 TRIAL

Stakeholder Value Proposition and Benefit

Patients Opportunity to drive path to personalized treatment
Potentially more effective treatment/management

Food and Drug Provides for evidence-based regulatory policy

Administration

Pharmaceutical industry More efficient drug development and approval path
Better early response criteria

Device industry Larger markets
Less risk

Centers for Medicare & Helps define reasonableness and need

Medicaid Services

Academia/National Cancer Better clinical data

Institute More effective treatment/management

SOURCE: Esserman presentation (February 10, 2010) and adapted from NIH, 2008.

Cancer Life Sciences Consortium, which recognized that a lot of time and
effort could be saved if industry—academic collaborations shared the same
basic contract language when negotiating collaborations, and developed
such contract language, which has been favorably reviewed by the U.S.
Department of Justice (see Box 12). Nguyen added that Science Com-
mons, which is an offshoot of Creative Commons (see Box 13), has a suite
of standard forms for sharing biological materials, and recently released a
legal tool developed by Creative Commons called CCO 1.0 Universal'? that
allows people to mark data as being in the public domain so that anyone
can use them.

Information on Failed Compounds or Those on the Market

Munos suggested sharing everything that is known about a compound
once it is approved for marketing so that physicians can use that knowledge

13 See htep://creativecommons.org/publicdomain/zero/1.0/.
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BOX 12
CEO Roundtable on Cancer Life Sciences Consortium

This roundtable was established in 2001 and consists of 17 repre-
sentatives from 11 pharmaceutical companies and 26 representatives
from National Cancer Institute- (NCI-) Designated Comprehensive
Cancer Centers. The Life Sciences Consortium is a task force of the
Roundtable and brings together Roundtable members to further its
goals, which are to:

e Develop standards across the life sciences industry to expedite
the research and development (R&D) process;

e Develop a pool of precompetitive intellectual property for
biomarkers; and

e Diminish the regulatory burden of new cancer drug approval.

To help achieve its first goal of expediting the R&D process, the
Life Sciences Consortium acted on research that found the most rate-
limiting step in the development of clinical trials was contracting and
budgeting. To expedite the contract and budget negotiations required
between industry and publicly funded investigators before the launch
of a collaborative trial, the Consortium and NCI reviewed copies of
78 redacted clinical trial agreements and identified 45 key concepts
related to intellectual property, study data, subject injury, indemnifica-
tion, confidentiality, and publication rights. From these agreements, they
then gleaned the exact language that embodied the key concepts and
used it to create standardized and harmonized clauses for clinical trial
agreements that are designed to serve as a starting point for contract
negotiations. The analysis found that several key concepts showed
greater than 67 percent similarity across the agreements, suggesting
that negotiations frequently reach common results for these concepts.
The U.S. Department of Justice gave the proposed clauses a favorable
review and indicated that it had no intention to challenge the initiative.

Nine out of eleven of the Life Sciences Consortium companies have
adopted the START (Standard Terms of Agreement for Research Trial)

to deliver the best possible care using the compound. He also suggested

sharing information about compounds that fail in preclinical or clinical
development due to toxicity or lack of efficacy, so that others do not waste
time pursuing the same dead-end pathway. “There is a lot of duplication of

errors in industry. When companies typically abandon a compound—they
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clauses for their oncology programs, with one making it their standard
operating procedure, and another using the clauses for all therapeutic
areas. The Consortium plans to use the same process to write material
transfer agreements for academic collaborations in the laboratory to
expedite the process of preclinical development.

The Life Sciences Consortium recently began addressing its sec-
ond goal of developing a pool of precompetitive intellectual property for
biomarkers. It plans to use NCI as a “safe harbor” for this effort because
NCI currently has a robust biomarker program, according to Gregory
Curt, chair of the CEO Roundtable on Cancer’s Life Sciences Consor-
tium Task Force and U.S. medical science lead of emerging products at
AstraZeneca-Oncology. Consortium companies will present their bio-
marker programs under confidentiality to NCI, which will select the most
promising markers for coinvestment and collaboration. This will prevent
the duplicative and expensive research the individual companies and
NCI are spending on biomarker development and should, along with
clinical and preclinical START clauses, significantly reduce the amount
of time used to validate biomarkers.

To reduce the regulatory burden of new cancer drug approvals, the
Consortium participated in a collaboration convened by the Brookings
Institution and Friends of Cancer Research (described in Box 7) that
analyzed cancer clinical trial data voluntarily submitted by the Consor-
tium’s members to discern the optimal types and amounts of data that
should be collected in Phase Il trials for supplemental approvals of
cancer drugs. The Food and Drug Administration is currently considering
the recommendations and plans to develop a guidance for industry on
this topic.

SOURCES: Curt presentation (February 10, 2010); Abrams et al., 2010;
CEO Life Sciences Consortium, 2010; CEO Roundtable on Cancer and
NCI, 2008; Dilts and Sandler, 2006; DOJ, 2008; IOM, 2010b.

cease to research it—that compound is quietly buried and no one ever
knows why the compound was abandoned. Companies frequently look
over their shoulders and tend to work in similar areas on similar targets. So
if one company finds carly that there is a problem with a target and they
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BOX 13
Science Commons

Launched in 2005, Science Commons designs strategies and tools
for faster, more efficient web-enabled scientific research by crafting
policy guidelines and legal agreements as well as developing technol-
ogy to make research, data, and materials easier to find and use. The
Science Commons offers:

Legal tools that make scientific research “reuseful” by helping
people and organizations open and mark their research and
data for legal reuse. These tools enable people and institutions
to expand and enhance open access to published research and
data. For example, the Personal Genome Project uses these
tools to put the genomes they decode in the public domain.
The Biological Materials Transfer Agreement Project, which
develops and deploys standard, modular contracts to enable
the transfer of biological materials such as DNA, cell lines,
model animals, and antibodies at lower costs. The scope of the
project includes transfers among nonprofit institutions as well
as between nonprofit and for-profit institutions. These standard
agreements are available in a web-deployed suite with other
Science Commons contracts. Science Commons expects that
this arrangement will enable the emergence of a transaction
system, akin to Amazon or eBay, as a means of using intellectual
property licensing as a discovery mechanism for materials.

The Neurocommons project is creating an open-source knowl-
edge management platform for neuroscience research. Using
semantic web technology, the Neurocommons plans to develop a
system for coding and annotating data and information to improve
the interoperability of data and literature searches and to link
different publicly available databases in the neuroscience field.

keep that knowledge secret, then a lot of money is being spent by the other

companies to rediscover what is already known,” Munos said.

Curt added that results from failed trials often are not published or
referenced, and that putting those results on the company website does
not make it searchable by Medline, MedLab, or Google. Munos then
pointed out that the Journal of Field Experiments will publish the results
of failed trials, and Murphy, editor of The Oncologist, added that his jour-
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e The Health Commons, which involves individuals interested in
changing the way basic science is translated into the under-
standing and improvement of human health. Under standardized
terms and conditions, Health Commons members agree to share
data, knowledge, and services using a set of common technolo-
gies, digital information standards, research materials, contracts,
workflows, and software. This allows for seamless transfer of
materials, tools, and information across the entire drug discov-
ery chain. Members can offer standardized services, ranging
from molecular assays to drug synthesis solutions, that others
can find and integrate into their own processes or to create new
services.

e Patent licensing project, with the goal of encouraging patent hold-
ers to make their patent portfolio available for licensing through
public licenses. According to the Science Commons website,
many patent holders have patented inventions that could have
broad or new applications in areas they did not anticipate, but
they may not have a strategy to actively license them or offer
them for such uses. This project could motivate others to seek
out new uses for patented material available through licensing
while retaining the patent holders’ patent protection.

SOURCES: Nguyen presentation (February 9, 2010) and Science
Commons (2010a,b,c,d,e).

nal has a policy of publishing the negative results of clinical trials so they
will surface in PubMed searches. “7The Oncologist has taken that stand
because we firmly believe that it is in the best interests of cancer research
and ultimately better cancer patient care to have this information out,”
Murphy said.

More controversial, but still important, is the sharing of raw data,
particularly in control arms, said Eck. “It is one thing to do a meta-analysis
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of analyzed data, but it becomes much more powerful if you can aggregate
together raw data because your statistical power is much greater. But I think
this will probably raise even more eyebrows,” he said.

Despite the acknowledgment that much can be shared, speakers also
recognized that there will still be some things that are too proprietary to
share, such as candidate compounds and novel chemistry design. Some
speakers also recognized that despite what can be shared without ham-
pering competitiveness, a lot still goes unshared. “The biggest gap is in
really understanding the molecular basis of disease and matching these
compounds with the patients, and that is one for which there is very little
sharing,” said Huang,.

TYPES OF PRECOMPETITIVE COLLABORATIONS

Several different precompetitive collaboration types have been devel-
oped to date. Altshuler examined about 50 of these collaborations and
classified them as to whether they have open or restricted participation
and open or restricted outputs. They also vary according to their goals.
Altshuler identified two broad collaboration goals: to build enabling plac-
forms and to conduct research. These goals can be further subdivided by
the four different types of outputs they produce, including

e Development of standards and tools;
e Generation and aggregation of data;
e Knowledge creation; and

Product development.

Collaborations aimed at building enabling platforms focus on devel-
oping standards and tools or generating and aggregating data to achieve a
necessary scale for research. Collaborations that conduct research seek to
create new knowledge or to turn that knowledge into a product by accessing
resources and capabilities across organizations.

Collaborations are more likely to have open participation, such as
web-based contests open to anyone with a laptop, if novel perspectives are
sought from diverse fields and the need for quantity of input outweighs the
need for quality control of that input. In contrast, collaborations are more
likely to have restricted participation if the opposite is true or if the cost of
equipment (e.g., genetic sequencing equipment) needed to participate or
other factors create barriers to entry.
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Collaborations that enable open access to the outputs of the collabora-
tion are those for which no one can directly profit from the outputs, and for
which the problem tackled by the collaboration would benefit “from having
many eyes on it,” said Altshuler. In contrast, collaborations with outputs
closer to commercialization, especially those involving intellectual property,
are likely to be more restricted, as are collaborations that require funding by
participants, so as to avoid the free-rider problem.

The online encyclopedia Wikipedia is an example of a collaboration
in which there are both open participation and open access to outputs. In
contrast, with collaborative agreements between companies, such as the
Merck—AstraZeneca collaboration to jointly develop a treatment from
which only they will profit, there is highly restricted access to both partici-
pation and outputs.

Some collaborations have restricted participation, but open outputs,
or vice-versa. An example of a collaboration with restricted participants,
but open access to its outputs, is the Human Genome Project. This inter-
national government-sponsored consortium of laboratories was formed to
sequence the human genome and map its genes. Outputs of this project
are in the public domain. In contrast, prizes and contests are collaborations
with open participation but restricted access to outputs, which are only used
by the sponsors of the prize or contest.

Aleshuler charted the four types of collaborations, according to how
open access is to participation and outputs, along with the four main goals
of collaborations, to define eight basic models of precompetitive collabora-
tions (see Box 14).

The eight models of collaboration, also listed in Figure 6, include

*  Open-source initiatives, which mainly occur earlier in the research
and development spectrum, have open access to both participation
and outputs, and can have any of the four goals listed previously.
Aleshuler noted that it is possible to build a successful profit model
based on such initiatives. Many successful businesses, for example,
have been built using Linux’s open-source software.

* Industry consortia for process innovation, which are consortia of
industry members aimed at improving the noncompetitive aspects
of the research and development process, including technology
development. These consortia, including SEMATECH and C-Path,
have restricted participation and can have both open or restricted
outputs.

Copyright © National Academy of Sciences. All rights reserved.



Extending the Spectrum of Precompetitive Collaboration in Oncology Research: Workshop Summary

62 PRECOMPETITIVE COLLABORATION IN ONCOLOGY RESEARCH

BOX 14
Models of Collaborative Relationships

e Open-source initiatives

* Industry consortia for process innovation

e Discovery-enabling consortia

e Public—private consortia for knowledge creation
*  Prizes

e Innovation incubators

e Industry complementors

e  Virtual pharmaceutical companies

SOURCE: Altshuler presentation (February 9, 2010).

* Discovery-enabling consortia, which are consortia of academia
and/or academia plus industry where the goal is to provide a
critical mass of data for innovation that cannot be achieved by the
individual participants alone. By compiling these data warchouses,
future research is enabled, but the warehouses themselves are
not monetizable, Altshuler pointed out. Examples of discovery-

FIGURE 6 (Facing page) The eight models of precompetitive collaboration, and
examples of each, as analyzed by Altshuler: open-source initiatives, industry consor-
tia for process innovation, discovery-enabling consortia, public—private consortia for
knowledge creation, prizes, innovation incubators, industry complementors, and virtual
pharma companies.

NOTE: Alliance for Cell Sig = Alliance for Cellular Signaling; AZ = AstraZeneca;
Biogen bi3 = Biogen Idec Innovation Incubator; C-Path = Critical Path Institute;
CCMX = Competence Centre for Materials Science and Technology; CDISC = Clinical
Data Interchange Standards Consortium; CERN = European Organization for Nuclear
Research; CHDI = CHDI Foundation; GSK = GlaxoSmithKline; HapMap = Interna-
tional HapMap Project; HGP = Human Genome Project; MMRF = Multiple Myeloma
Research Foundation; NLP = Natural Language Processing; OD = Open Database;
OSDD = Open Source Drug Discovery; P&G = Procter and Gamble; RNAi = RNAi
Consortium; SAEC = International Serious Adverse Event Consortium; SLAC = SLAC
National Accelerator Laboratory; SNP = Single Nucleotide Polymorphism; Tech to
Bus = Technology-to-Business.

SOURCE: Altshuler presentation (February 9, 2010)
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enabling consortia include the Human Genome Project and
CERN (European Organization for Nuclear Research). Discovery-
enabling consortia have restricted participation; however, the
outputs may either be open or restricted.

Public—private consortia for knowledge creation, which include the
Biomarkers Consortium and the Innovative Medicines Initiative.
Such partnerships provide industry and academia with the oppor-
tunity to work more closely together within a framework other than
the traditional sponsored research relationship, Altshuler said. These
partnerships are typified by restricted participation and open out-
puts. They have critical downstream value, even though they offer
no immediate market potential.

Prizes, such as the Innocentive prize that Lakhani described previ-
ously (see section on synergy of cross-discipline/cross-institution
collaborations). In this model, there is open participation, but
restricted access to outputs, and the aim is to develop a product.
Prizes can be given for small incremental, but critical, steps in
research. Alternatively, prizes can also address big game-changing
problems, such as the X PRIZE, which, for example, has been
given for the innovative development of private spaceships. Because
sponsors do not have to pay for failed efforts, prizes generally give
a good return on the investment of prize money compared to in-
house research and development, Altshuler pointed out, and the
large prizes generate a tremendous amount of publicity and bring
more potential innovators to the table.

Innovation incubators, which entail sponsored research that is
brought in-house, such as Biogen’s Innovation Insourcing Initiative
program described previously in the section on synergy of cross-
discipline/cross-institution collaborations. These incubators can
have restricted or open participation, but their outpucts are restricted
to the company that is doing the insourcing. These collaborations fill
the gap between publicly sponsored research, which often is focused
on basic research, and venture capital-funded research, which occurs
at a much later stage in the research and development process. These
collaborations reduce the risk for the sponsoring company, which
can pick from projects already showing promise, and also benefic
the sponsored investigator, who can tap the resources of an already
established company, according to Altshuler.
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BOX 15
Multiple Myeloma Research Foundation

The Multiple Myeloma Research Foundation (MMRF) inte-
grates and funds the research efforts of its participating institutions
in order to achieve its mission to accelerate the development of
novel and combination treatments for multiple myeloma. As the
leading funder of multiple myeloma research, the MMRF has facili-
tated basic research, clinical trials, and correlative studies, including
collaborative studies.

For example, the Multiple Myeloma Research Consortium (a
sister organization to the MMRF) Genomics Initiative, involving
a collaboration with the Broad Institute and Translational Genomics
Research Institute, completed sequencing of the first multiple
myeloma whole genomes, which will be used to identify targets for
new therapeutics. Genome data were posted in an open-access
web portal prior to publication and in near real-time.

According to its website, the Foundation’s endeavors have
resulted in bringing multiple myeloma patients four new treatments
that are extending lives around the globe.

SOURCES: Altshuler presentation (February 9, 2010) and MMRF,
2009, 2010.

o Industry complementors are focused collaborations among a small
number of competitors for mutual benefit, such as the Merck—
AstraZeneca collaboration described in Box 5. These collabora-
tions have both restricted participation and restricted access to
outputs.

o Virtual pharmaceutical companies, which are typically driven by
foundations to develop drugs for their disease of interest. The
Multiple Myeloma Research Foundation pioneered these types of
collaborations (see Box 15). The foundation funds the research
and requires the immediate sharing of information generated from
that research with fellow grantees. “They drive progress by forcing
collaboration among their collaborators,” said Altshuler. These
collaborations also have both restricted participation and restricted
access to outputs, and because they are virtual, they enable founda-
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tions to direct funding toward the best researchers, without being

encumbered by the assets and history of a large pharmaceutical
firm.

LESSONS LEARNED

Workshop participants discussed many lessons they had learned about

how to foster successful collaborations, including

Start the collaboration by defining its goal and then develop a pre-
project and project plan, as well as a longer roadmap of what needs
to be accomplished and how best to accomplish it. Establish realistic
goals and be flexible to new ways of operating to accomplish those
goals.

Involve all stakeholders early.

Include the leadership of a participating company or institution and
commit a sufficient amount of time and resources to effectively carry
out the collaboration.

Make sure there is a critical mass of support for the collaboration
and that there are internal champions for it.

Actively manage the collaboration; consider using a trusted third
party in the management of the collaboration.

Make sure to address important legal details of collaborations, such
as antitrust issues, intellectual property, and contracts.

Establish standards, quality improvement design, and optimization,
and use common data elements.

Set Goals and Devise Game Plan

Planning is critical to the success of a collaboration, several speakers

emphasized. “Starting the plan early is key,” Vockley said. He suggested cre-
ating both a preproject and a project plan. Such planning could define the
management and governance of the collaboration, how it will be funded,

and a research plan that eliminates rate-limiting steps. For example, with

TCGA, acquiring adequate tissue was identified as rate limiting. Research

criteria could also be part of the plan, but criteria need to be flexible and

realistic enough that they do not impede the collaboration’s progress,
Vockley said. McClellan also suggested flexibility in planning how partici-

pants in a research collaboration can use the data and information resulting

from the collaboration.
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Cohen suggested that when setting up collaborations, one needs to
define the roles of all the participating parties, what values they bring to the
project, and ways to engage each of them in the collaboration process. With
the strengths of each participant in mind, one then can assess what aspects
of a project certain participants are best at addressing internally. Cohen also
suggested defining the goal of the relationships created in a collaboration,
and the scientific synergies that will result from it, and then identifying
opportunities to establish cross-disciplinary relationships beyond those that
are traditionally pursued.

“We need to define what it is we are trying to accomplish—is it purely
information sharing by academic and industry researchers so that each
party can proceed on their own path? Or is the goal to identify products
that might be developed by the company with the intent for the agreement
to move beyond preclinical collaboration to a clinical environment? Each
of these goals requires a different master agreement,” Cohen said. Altshuler
added that the reason for having a specific collaboration needs to be clear
from the outset. She suggested making sure there is an alignment upfront in
participants’ goals in a collaboration to facilitate coordination and progress.
Lakhani added that a collaboration plan should include resource-sharing
agreements so it is clear how resources and staff will be shared, as well as the
conditions for entry, exit, and ending the collaboration.

Wholley stressed that the success of consortia hinges on their govern-
ing policies, which must be established at the start of a collaboration. Such
“ground rules” include intellectual property, data sharing, antitrust, selection
and award of grants and contracts, confidentiality, and conflict of interest.

Spencer suggested going even further with planning by having col-
laboration participants craft a long-term roadmap for the collaboration
that identifies what barriers need to be overcome. Such a road map was
crucial to the success of SEMATECH, Spencer said. He also suggested
planning for globalization because drug development is an international
effort.

Involve All Stakeholders Early

Several speakers suggested that all stakeholders become involved in
the collaboration as early as possible, especially FDA and patient advocacy
groups, when appropriate, so that everyone’s goals align and everyone has
some ownership in project planning. Vockley stressed the importance of
communication among parties to “make sure that everyone is on the same
page.” Esserman added, “You have to get people to the table at the begin-
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ning, otherwise when you present them with something that has changed,
they are not likely to accept it.”

According to Esserman, a phenomenal effort was made to bring in
all the stakeholders early in the planning process of the I-SPY 2 TRIAL.
Esserman set up weekly calls that included the clinical team lead inves-
tigators, senior leadership of the companies, legal representatives, drug
suppliers, and the FNIH.

In addition, all the participating IRB chairs and other representatives
from the initial 10 research sites in the trial were invited to a meeting
hosted by Esserman and the UCSF IRB chair. At that meeting, partici-
pants received information about the new trial process and were given the
opportunity to hammer out the trial specifics that would meet each site’s
IRB criteria before the trial protocol was established. “The lesson is to work
ahead,” Esserman said. “When we put the trial through our IRB, it got
through without being sent back for anything.”

Similarly, Esserman and some other study investigators met early on
with FDA to ask them for suggestions on how to devise their innovative
trial protocol to best achieve the study goals. “If you let the usual way of
doing business persist, you will not be successful,” Esserman said. “If we had
just designed the study protocol and handed it to FDA [without soliciting
their prior input], they would have rejected it because it did not follow the
rules.” Woosley concurred that “you have to have the regulators at the table
as advisors and participants in this process.”

Cohen added that when developing master agreements for collabora-
tions (specifically for industry—academia collaborations), one must work
with all the participating IRBs and with the contracts and grants and tech-
nology transfer offices of the university to understand potential barriers and
ways to overcome them.

Involve the Right People

Several people at the workshop stressed that the leadership of a partici-
pating organization, company, or institution needs to actively participate in
and be committed to the collaboration. Curt pointed out that because drug
company CEOs were involved in the Life Sciences Consortium, they could
use their authority to dictate that other divisions of their companies, such
as the contracts and legal departments, collaborate with NCI and the other
participants of the Life Sciences Consortium. These CEOs also were able
to ensure their employees could allocate the time needed to participate in
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the collaborative venture. “In industry, and to a lesser extent in academia,
[we do have] a sort of paramilitary, top-down society where the leadership
really has to set the command, and give the troops the wherewithal to
follow,” Curt said.

Spencer pointed out that industry leaders played a key role in
SEMATECH, but added that additional participants lower in the hierarchy,
who can commit more time to a collaborative endeavor, were also needed.
He also warned against companies using consortia as a “dumping grounds”
for their less useful employees, and stressed that it was important to get the
best people involved in collaborations. Curt agreed that involving the right
people in collaborative efforts is necessary. He pointed out that participants
in the Life Sciences Consortium’s effort to develop standard clauses for
research contracts included individuals who do the actual contracting
for their institutions and could indicate what type of contract language
would be acceptable for their institutions. Altshuler added that “if you are
trying to establish a new standard for your industry, you need a critical mass
of players behind it—that is quite important.”

Friend was critical of many consortia, “which often end up being
driven by consensus and bring together the lowest common denominator
for the longest period of time,” he said. “We need to figure out a way where
the gathering together outperforms, and it isn’t necessarily by the rule of
consensus,” he added. McClellan concurred, noting that, “by focusing on
consensus, it may be more difficult to take on key innovative issues around
the edges and push the envelope.”

Mendelsohn noted that successful collaborations usually have
champions that are supported by the leadership. For example, he noted the
leadership at UCSF had to be willing to let Esserman devote a substantial
percentage of her time to crafting and supporting the collaborative I-SPY 2
TRIAL. “You need a champion, and you need a boss for that champion who
is willing to support them and give them the freedom to run,” Mendelsohn
said. Cohen added that “any time these [academic—industry] collaborations
come to the fore, they are often based on person-to-person relationships
that require that someone step up to the plate and be the academic cham-
pion within an institution.”

Nguyen also stressed the need for adequate leadership and internal
champions to promote collaborative efforts. He pointed out that the NIH
has several policies about how publicly funded researchers share certain
resources and their findings. These policies have provided the guidance
needed to institute the Science Commons. In addition, Nguyen noted that
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within individual institutions, internal champions “who are passionate
about sharing in the commons and can then be evangelists for everybody
else in the organization [are needed].”

Workshop participants also stressed the importance of having a stable
source of funding for collaborations. Spencer said a stable source of funding
for 6 or 7 years was key to SEMATECHs success. Woosley noted that shar-
ing has a cost, and that FDA needs the funding to support its participation
in consortia and other collaborations. He added that often collaborations
are never hatched or fail because of insufficient funding. “People have tried
to share and pool placebo data for many years, and have actually gotten the
data from companies, but they have not been able to get the funding to
actually use it,” he said. “I think our current granting system does not really
acknowledge the kinds of infrastructure that are needed, and our Congress
has not given FDA the funding it needs to participate in these kinds of
precompetitive discussions.”

Nguyen added that many resources for supporting collaborative efforts,
particularly those that involve creating and maintaining a public domain
(commons) where data or other information is shared, are ephemeral.
Without some steady source of funding for the effort it takes to create and
maintain collaborations, the commons will fail, he said. “Many funders
of the research will not provide funds to maintain the data or to share the
data. So what happens is you do the research and then you throw away the
data. That is a wasteful way for us to use limited funding dollars and not
leverage the potential for this stuff to be in the commons,” he said. Both
Nguyen and Woosley called for innovative business models to support col-
laborative endeavors.

Actively Manage Collaborations

Many speakers at the conference stressed the need for active manage-
ment of collaborations. “You need a coordinator or project manager who
understands the science, and is good at linking people together,” said
Lakhani. He thought the active management of the researchers involved
in the Myelin Repair Foundation by its chief operating officer has been
key to its success. “The coordination role that is needed is not a manager
saying, ‘tomorrow you better make this happen,” but rather a coordination
of knowledge across the organization. That is critical. You can’t rely on
scientists to self-organize,” Lakhani said.

McClellan concurred, adding, “do not underestimate the manage-
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ment support needed to make these collaborations work. As you get to
a significant number of partners, it does require experienced, full-time
management, and an explicit governance structure.” Altshuler added that
“project management is really important. For some of these very big efforts
that need to be coordinated across a number of sites, it can be crucial to
have dedicated professional project management mapping out exactly what
needs to happen and when.” She also pointed out that even the most open-
sourced enterprises seem to have a need for some coordination.

Invoke a Trusted Third Party

Speakers noted that having a trusted third party to broker and/or
manage a collaboration can often facilitate cooperation. The FNIH,
for example, acts as a trusted third party for the I-SPY 2 TRIAL. The
FNIH holds the master IND for the project, and it also manages the trial
through the Biomarkers Consortium. “Having the Foundation for NIH
be the trusted broker here is key because it meant that everyone had to
give up their stake and agree to trust the FNIH as the honest broker,”
Esserman noted.

Curt noted that the success of the Life Sciences Consortium project
to develop START clauses for legal collaboration contracts (see Box 9) was
in large part due to engaging NCI as a trusted third party in the initiative.
Without NCI’s participation, “the threat of potential litigation due to anti-
competitiveness would have probably stopped what we were trying to do
because one lawyer from one company saying ‘you are at risk’ would have
been enough to spook the whole herd,” said Curt.

McClellan added that “it helps to have a neutral convener—not a
stakeholder with a particular interest—Dbut one that could be trusted by the
broad base of stakeholders we think help make these efforts a success.” Such
a neutral convener can “create the safe, legal harbor needed for collabora-
tions to occur,” he said. Woosley concurred, and said “that honest broker
component to precompetitive sharing is an essential element because if you
are asking people to share, but you are in it for yourself, or you are trying to
make money or want to hold the ID, it is just not going to work.”

Address Legal Issues

Speakers described a number of legal issues that have to be addressed
for collaborations to be successful. These legal issues include antitrust law,
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conflict of interest, and intellectual property rights. Both McClellan and
Eck recommended addressing potential antitrust issues in collaborations,
with Eck recommending consultation with the U.S. Department of Justice
when devising collaborations if there are concerns with antitrust issues. Curt
noted that the Justice Department approved the Life Sciences Consortium’s
START clauses for academic and industry collaborations.

Discerning how intellectual property will be shared in collaborations
can be especially challenging, but several speakers suggested that these issues
need to be addressed at the start of a collaboration. “Don’t let the lawyers
tell you it can’t be done—force them to do some creative problem solving,”
said Lakhani. He suggested having the lawyers of the collaborators work
together to devise innovative new models for sharing intellectual property,
adding, “you want to spend a lot of time to get this right.”

A lot of work went into crafting the IP agreement used in the I-SPY 2
TRIAL, Wholley noted. This agreement recognizes that the significant pre-
existing IP that is being brought to the trial by the companies and academic
researchers will stay with their originators, but that new IP discovered by
the trial, such as a new genetic signature that predicts therapy response, will
be equitably shared by the collaborators. “The only way we felt we could
do this would be to have the FNIH sit in the middle and act as the honest
broker for managing this IP,” said Wholley. For any new IP created by the
collaboration, the inventing organizations will grant exclusive license to
the FNIH, which will prosecute and manage the resulting patents, fairly
market and license the IP to interested parties, and return a fair share of the
royalties less expenses to the inventing organizations.

Who has access to data generated by a collaboration and who has publi-
cation rights are other issues for collaborative agreements to address, speakers
suggested. In the I-SPY 2 TRIAL, when a given biomarker and therapeutic
combination graduates, the company that created the tested therapeutic will
be given access to the data on that therapeutic and biomarker combination
6 months before the rest of the collaborators view the data. But every col-
laborator will have equal access to the data on exploratory biomarkers at the
same time.

Provide Rewards and Incentives

Many speakers stressed the importance of providing rewards and incen-
tives for collaboration as well as countering the general culture in both aca-
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demia and industry that promotes competition rather than collaboration.
They pointed out that tenure and other reward systems in academia are
based on individual, not collaborative, research projects and publications,
which provides a disincentive for faculty, especially junior faculty, to par-
ticipate in collaborative ventures.

“There is tremendous pressure for people to not work together,” said
Woosley. “There is a lot of criticism when academic scientists work with
industry—they are then denied being on advisory committees [for FDA].
The universities train the stars who get the R01s, who get the Nobel Prizes
and the papers in Nature. They don’t train the people who can work effec-
tively in teams.” Lakhani added, “scientists in their own labs are very open,
but across labs they are extremely competitive and very closed. You have
to create a culture of transparency and sharing and create norms around
it. Institutions and practices can enable this. We need to think about
how we recognize [collaborative] achievement instead of individual lab
achievement.”

In the I-SPY 2 TRIAL, rather than rely on the traditional system that
only gives recognition to the principal investigator in a clinical trial, the
investigators created a new system that recognizes the contributions from
more of the collaborating researchers: two investigators were assigned as
“chaperones” for every compound and for every biomarker being tested
in the trial. “That way people can own some piece of the research and
move forward. Because if you do not get people feeling in academia
like they have credit, then they are not going to collaborate either,” said
Esserman.

Other speakers suggested that industry also has a culture of competi-
tion and secrecy, even though most pharmaceutical companies have the
same information on basic biology and thus are pursuing the same targets
for their drugs. Friend called for breaking down the illusion that there are
some very powerful unique advantages that sit within different companies
and cannot be shared. Spencer added, “One of the things that the people
who came to SEMATECH were told was ‘listen but don’t talk and lock
your file cabinet” Each company believed it had the secrets to making
semiconductor devices better than anybody else. What their engineers and
scientists found after being there for a short time was that there were very
few secrets, and that everybody was rediscovering the same thing over and
over again. They immediately learned that if they could share this informa-
tion, they were saving everybody a lot of money.”
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Standards and Quality Control

Some speakers suggested developing and using data standards and data
elements to facilitate collaborations. Woosley suggested using the data stan-
dards of the Clinical Data Interchange Standards Consortium. Esserman
added that for the I-SPY 2 TRIAL, “it is really critical to have common data
elements for easier integration of clinical imaging and molecular results so
you can send stuff around.” Standard research methods and procedures also
must be followed. “If you are really going to do team science, everyone has
to adhere to standards, even the people who think they are the most expert,”
said Esserman. “We learned to send people around and certify every site
to make sure they are doing everything right.” She suggested making sure
there is a quality improvement design built into research collaborations.
Heywood also stressed the importance of optimizing collaborative research
to ensure data quality.

NEXT STEPS

Participants at the conference suggested several next steps to take to
foster precompetitive collaborations, including

* Secking public support for collaborations and advocating for
funding;

* Holding a meeting with key constituents in oncology to determine
how to move the field forward;

* Having an appropriate authoritative body establish a set of stan-
dards for the sharing of data, material, and tools, and/or general
standards for collaboration;

* Dublicizing collaboration success stories and management plans;
and

* Developing innovative business models for collaborations.

Seek Public Support for Collaborations

Some speakers offered specific suggestions for fostering more public
support and funding for collaborative ventures. McClellan suggested that
policies financially reward the development of shared data repositories and
infrastructure for effective collaboration. Such incentives could include
direct payments (i.e., government funding) for infrastructure or for partici-
pation and reporting of data, as well as payments for achievement of well-
defined outcomes. McClellan echoed Woosley’s request that more funding
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be given to FDA so it can participate in more collaborations and that more
public funding be available, in general, to support collaborative ventures.
“These issues are fundamentally important to making better treatments
available and should be much higher on the list of public health concerns
of the nation than they actually are,” said McClellan.

McClellan also suggested that patients could give more momentum to
collaborative efforts by advocating for them and framing the issues in a way
that could potentially garner more public support and funding. Woosley
concurred, pointing out that “there is a huge opportunity now to get the
disease groups to speak with one voice, and to talk about precompetitive
sharing for all diseases. A lot of disease foundations are setting up venture
philanthropy organizations to fund the kind of business initiatives that
they want, and they are very concerned that the basic research has not been
translated into business opportunities, which are how the patients really get
the final benefit.”

Friend added, “I am struck by the emerging role of disease foundations
as engines for therapies. They have more of a voice now. We need to high-
light patient advocates and disease foundations and the roles they can play.”
Friend added that patients can play an important advocacy role, especially
in fostering the collaborations needed to further personalized medicines.
“The patients can say ‘why isn’t this drug working in me?’ and can collect
the data if others aren’t collecting the data.”

Establish Collaboration Standards and Incentives

Attendee Richard Bookman, vice provost for research at the University
of Miami Leonard M. Miller School of Medicine, suggested that an appro-
priate authoritative body devise a set of standards on the sharing of data,
materials, tools, and collaboration that federal, state, and other funding
agencies of biomedical research could use as guidance when shaping their
grant programs. Woosley suggested advocating that the implementation of
electronic medical records that will soon be supported by the federal govern-
ment stimulus bill include common data elements that could be useful in
research and would help ease research collaborations.

Publicize Collaboration Success Stories and Management Plans

McClellan suggested publicizing collaborations that have been done
successfully and others that show promise, as well as the specific pathways
for doing collaborations effectively. Several participants suggested putting the

Copyright © National Academy of Sciences. All rights reserved.



Extending the Spectrum of Precompetitive Collaboration in Oncology Research: Workshop Summary

76 PRECOMPETITIVE COLLABORATION IN ONCOLOGY RESEARCH

management plans that have been drafted for some of the collaborations dis-
cussed at the workshop into the public domain, if possible, so that others can
learn from them. Wholley noted that the project management plan template
for the Biomarkers Consortium is posted on the Web,'* and Williams-Jones
said that the model grant agreement for the Innovative Medicines Initiative
can be accessed from the Internet.!®> Esserman agreed with Friend’s sugges-
tion that the IP and data-sharing collaborative agreements that have been
forged by the I-SPY 2 TRIAL be distributed more widely and combined
with efforts by Science Commons and others to build similar standard agree-
ments, noting that “everything we built in this trial can be reused.”

As an incentive for industry and academia to use the START clauses
when collaborating, Murphy said the CEOs of the Roundtable on Cancer
are trying to develop some sort of public acknowledgment of those compa-
nies and institutions that use the clauses and how the clauses have acceler-
ated the clinical trial development process.

Develop Innovative Business Models

Some speakers suggested devising innovative business models that
support collaborations. Woosley suggested creating “innovative ways for
companies to come together to pool their diagnostics and drugs, and to
develop more comprehensive strategies, rather than just a single agent.”
Esserman noted that for the I-SPY 2 TRIAL she had to come up with a
new business model to support the trial because she did not want to adhere
to the old model of having a drug company, whose drug was being tested,
financially back the study. Instead, the goal was to have broader based
support, which is likely to benefit many stakeholders, including the drug
industry. Although the funding for the trial is still being worked out, some
drug companies are opting to help fund the trial even though they are not
contributing molecules to be tested.

Lakhani discussed what type of business model is needed for pre-
competitive research and compared that to the traditional business model.
Lakhani said the traditional innovation model that most pharmaceutical
firms use is the private innovation model, in which firms make private
investments to solve technical problems and expect monopoly returns for

14 See hetp://www.biomarkersconsortium.org/index.php?option=com_content&task=
section&id=7&Itemid=41.
15 See heep://imi.europa.eu/calls-02-stage2_en.heml.
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their successful innovations. IP is jealously guarded and patented in this
model, and sharing of knowledge only happens through accidental spill-
overs, that is, from employees with the knowledge switching companies.
In contrast, in a collective innovation model, which typically involves
government funding of research, individuals get external subsidies to solve
technical problems and the knowledge they acquire in the process is given
to a common pool for reuse and creative recombination. In this model,
parties self-regulate through norms such as reciprocity, recognition, and
peer esteem. But free riding is a central concern and can occur.

What is beginning to emerge, according to Lakhani, is a private—
collective hybrid model, in which firms and individuals exert private effort
but disclose their work to others in a common pool. Innovators get selec-
tive benefits through participation that outweigh the cost of investment.
These benefits include access to new knowledge and new materials, access
to people, and shared risk. Participants can combine the knowledge from
the common pool with their own specific and proprietary assets to create
value, and free riders cannot share in the selective benefits. SEMATECH is
a successful example of the private—collective innovation model, according
to Lakhani (see Table 2).

There was some debate at the workshop about whether a large-scale
SEMATECH-like umbrella effort should be made to support collaborations
in biomedicine or more specifically in oncology, or whether support should
be focused on individual collaborative projects and consortia. Spencer noted
that a SEMATECH-like umbrella organization and source of funding could
reduce the significant amount of time they spend trying to garner funding
for and supporting their collaborative efforts. “You have got a whole series of
projects where if you shared that activity you could cut down the time, the
administrative overhead, that each of these principal investigators or heads of
projects has to allow them to get on with the real work of getting something
done,” he said. “Oncology could take the lead in looking at something that
was funded by the government and by private industry, and you have got a
CEO Roundtable already, so you are light years ahead of where we were in
the semiconductor industry in 1985 when we were trying to get SEMAT-
ECH rolling.”

Cohen pointed out that a centralized support organization for col-
laborations in oncology or biomedicine could not only support scientific
pursuits, but also, or instead, efforts to develop new regulatory pathways for
collaboratively developed drugs and other public policy advances needed to
support collaborative research.
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TABLE 2 Innovation Models

Private Innovation Model

Collective Innovation

Model

Private—Collective

Hybrid Model

Firms make private
investments to solve
technical problems—is
often risky

Expect monopoly rents
for their successful
innovations

Innovation outcomes are
rival and excludable

Sharing of knowledge
only happens through
“accidental” spillovers

Individuals get external
subsidies to solve technical
problems

Knowledge is given to a
common pool for reuse and
creative recombination

Parties self-regulate
through norms like
reciprocity, recognition,
and peer esteem

Free riding becomes a
central concern

Firms/Individuals

exert private effort, but
disclose work to others in
a common pool

Innovators get “selective

benefits” through

participation that

outweigh the cost of

investment:

e Access to novel
knowledge;

e Access to new
materials;

* Access to people; and

¢ Shared risk

Participants can combine
knowledge from
common pool with own
specific and proprietary
assets to create value

Free riders cannot share
in the selective benefits

SOURCE: Lakhani presentation (February 9, 2010).

Munos countered that a centralized approach to fostering collabora-
tions in biomedicine has the danger of squelching the diverse, creative
collaborative approaches that are currently undertaken and surviving on
shoestring budgets. “Rather than feeding a lot of money in the system, I
would feed some money into those people who are coming up with experi-
mental models. Most of them will fail, but those that succeed could prove
to be very disruptive of the traditional pharma R&D model, and might be
able to renew it in ways that would be pretty healthy,” Munos said.

Aleshuler said there is a false dichotomy of centralized support versus
support for more entrepreneurial ventures. “Certain types of problems can
be handled one way, and certain ones can be handled another way. Is there
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a role going forward for some central funding that can set priorities and not
necessarily encompass that which is already going on?” she asked.

Woosley noted the current significant consortium fatigue among those
participating in collaborations and stressed that “any efforts that we come
up with should really focus on coordinating and getting maximum benefit
from all the dollars that are already in place before we ask for more, because
I think we are going to get a lot of resistance from an industry that is really
downsizing its research efforts right now.” Williams-Jones concurred, and
suggested seeing beyond the spectrum of oncology, and considering other
disease areas as a way to tap into funding for collaborative research and
relieve consortium fatigue. “We really need a global solution that will allow
us to spend the little cash that we do have to spread across this,” he said.

Mendelsohn pointed out that different collaborative efforts may
require different approaches to tackle them, and that the SEMATECH
approach may not be appropriate for all of them. “We need to attack the
issues of regulat[ion], infrastructure, and interoperable datasets, and we
have to attack the issue of how to make biomarker-driven drug selection
trials work. Those are three different problems that may require different
approaches,” he said.

SUMMARY

After 2 days of presentations and lively discussion, during which
Washington, DC, was blanketed in a crippling snowstorm, it became
apparent that a number of factors are currently driving precompetitive
collaborations, including declining R&D budgets combined with the
growing complexity of biomedical research. Several participants viewed
precompetitive collaboration as a means to solve some of the problems
that currently plague the drug development process both in oncology and
in other therapeutic areas.

Speakers also noted that precompetitive collaborations have to be
crafted carefully to provide incentives and rewards to participants while
avoiding legal, cultural, technical, and other obstacles. Innovative regula-
tions and business plans may foster precompetitive collaborations and
enable their products to seamlessly enter the market.

Speakers discussed many lessons that can be learned from the pre-
competitive collaborations that have been attempted and/or accomplished
successfully, including the importance of starting a collaboration by defin-
ing its goals and planning for how those goals can be accomplished, bring-
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ing together the right stakeholders early in the planning process, actively
managing the collaboration, and using a trusted third party to foster col-
laborations. Speakers also suggested that critical legal issues be addressed,
such as intellectual property and patents, the sharing of data, conflict of
interest, and antitrust issues.

To further precompetitive collaboration, speakers suggested several
next steps. Some ideas included: seeking more public support and funding
for collaborations, publicizing collaboration success stories and manage-
ment plans, and having an appropriate authoritative body establish a set of
standards for sharing precompetitive materials.
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Akt
ALS

C-Path
caBIG
CEO
CERN
CMS

EBI
EMEA

FDA
FDG-PET
FNIH

Acronyms

protein kinase B
amyotrophic lateral sclerosis

Ciritical Path Institute

cancer Biomedical Informatics Grid

chief executive officer

European Organization for Nuclear Research
Centers for Medicare & Medicaid Services

European Bioinformatics Institute
European Medicines Agency

Food and Drug Administration
flurodeoxyglucose-positron emission tomography
Foundation for the National Institutes of Health

[-SPY 2 TRIAL Inspection of Serial studies to Predict Your Therapeutic

IGFR
IMI
IND
P

Response with Imaging And moLecular analysis 2
insulin-like growth factor receptor

Innovative Medicines Initiative

investigational new drug

intellectual property
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IRB institutional review board

IT information technology

MEK mitogen-activated protein kinase 1

MIT Massachusetts Institute of Technology
MMRF Multdiple Myeloma Research Foundation
MRF Mpyelin Repair Foundation

NCI National Cancer Institute

NHGRI National Human Genome Research Institute
NIH National Institutes of Health

NME new molecular entity

OBQI Oncology Biomarker Qualification Initiative
OSDD Open Source Drug Discovery

PI3K phosphatidylinositol-3 kinase

PMA premarket approval

R&D research and development

SEMATECH SEmiconductor MAnufacturing TECHnology

START Standard Terms of Agreement for Research Trial
TCGA The Cancer Genome Atlas
UCSF University of California—San Francisco
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Glossary

Adaptive trial design—trials that incorporate one or more decision points
into their design. How a trial proceeds following each decision point
depends on the data observed up to that point.

Basic research—research carried out to understand fundamental prin-
ciples, generally without a specific use in mind. However, findings from
basic research studies can inform clinical research and medical product
development.

Bias—a systematic as opposed to random distortion of a statistic as a result
of a sampling procedure.

Bioinformatics—the science of using computers, databases, and math-
ematics to organize and analyze large amounts of biological, medical, and
health information. Information may come from many sources, including
patient statistics, tissue specimens, genetics research, and clinical trials.

Biomarker—a characteristic that is objectively measured and evaluated as
an indicator of normal biological processes, pathogenic processes, or phar-
macologic responses to a therapeutic intervention.

87
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Biomedical imaging—the technique and processes used to create images
of the human body for clinical purposes or medical science.

Biospecimen—samples of material from a patient, such as urine, blood,
tissue, cells, DNA, RNA, and protein.

Commons—describes resources that are collectively shared.

Comparative effectiveness research—the conduct and synthesis of system-
atic research comparing different interventions and strategies to prevent,
diagnose, treat, and monitor health conditions.

Genomics—the study of the complete genetic material, including genes
and their functions, of an organism.

Institutional Review Board (IRB)—“An administrative body established
to protect the rights and welfare of human research subjects recruited
to participate in research activities conducted under the auspices of
the institution with which it is affiliated. The IRB has the authority to
approve, require modification in, or disapprove all research activities that
fall within its jurisdiction as specified by both the federal regulations and

local institutional policy” (Department of Health and Human Services
IRB Guidebook).

Intellectual property (IP)—creations of the mind, creative works, or ideas
embodied in a form that can be shared or can enable others to recreate,
emulate, or manufacture them.

Investigational new drug (IND)—a new molecular, antibiotic, or
biological drug that is used in clinical investigation. It also includes a bio-
logical product used 77 vitro for diagnostic purposes.

New drug application (NDA)—when the sponsor of a new drug believes
that enough evidence on the drug’s safety and effectiveness has been
obtained to meet Food and Drug Administration (FDA) requirements for
marketing approval, the sponsor submits a new drug application to FDA.
The application must contain data from specific technical viewpoints for
review, including chemistry, pharmacology, medical, biopharmaceutics,
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and statistics. If the NDA is approved, the product may be marketed in the
United States.

New molecular entity—an active ingredient that has never before been
marketed in the United States in any form.

Orphan disease—a rare disease or a disease for which there is no reasonable
expectation that the cost of developing and making available in the United
States a drug for such disease or condition will be recovered from sales of

the drug,.

Personalized medicine—in this report, leveraging scientific advances in
fields such as genomics, proteomics, molecular biology, and metabolo-
mics to improve the extent to which medical care is personalized to an
individual.

Phase I trial—a clinical trial in a small number of patients in which the
toxicity and dosing of an intervention are assessed.

Phase II trial—a clinical trial in which the safety and preliminary efficacy
of an intervention are assessed.

Phase III trial—a large-scale clinical trial in which the safety and efficacy
of an intervention are assessed in a large number of patients. The Food and
Drug Administration generally requires new drugs to be tested in Phase III
trials before they can be put on the market.

Preclinical study—research using animals to find out if a drug, procedure,
or treatment is likely to be useful. Preclinical studies usually take place
before clinical trials in humans are conducted.

Precompetitive collaboration—collaboration among competitors to
achieve goals that can be more effectively accomplished by a group effort
and have the potential to benefit everyone.

Premarket approval—an FDA approval for a new test or device that
enables it to be marketed for clinical use. To receive this approval, the
manufacturer of the product must submit clinical data showing the product
is safe and effective for its intended use.

Copyright © National Academy of Sciences. All rights reserved.



Extending the Spectrum of Precompetitive Collaboration in Oncology Research: Workshop Summary

90 PRECOMPETITIVE COLLABORATION IN ONCOLOGY RESEARCH

Principal investigator (PI)—the lead investigator for a research project,
such as a clinical trial, who takes direct responsibility for the completion of
a funded project.

Proteomics—the study of the structure and function of proteins, including
the way they work and interact with each other inside cells.

Standard of care—in medicine, treatment that experts agree is appropriate,
accepted, and widely used. Also called best practice and standard therapy.

Supplemental new drug application—an application submitted to FDA
in order to expand the label of a previously approved drug to cover new
treatment indications.

Targeted therapy—a type of treatment that uses drugs or other substances
(e.g., monoclonal antibodies) to identify and attack cancer cells without
harming normal cells. Targeted therapy may be less harmful to normal cells
than other types of cancer treatments.

Trastuzumab (Herceptin)—a monoclonal antibody that binds to
HER2 (human epidermal growth factor receptor 2), and can kill HER2-
positive cancer cells. Herceptin is used to treat breast cancer that is
HER2-positive.
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Appendix A

Workshop Agenda

National Cancer Policy Forum
Workshop on Extending the Spectrum of
Precompetitive Collaboration in Oncology Research

The Keck Center of The National Academies
500 Fifth Street, NW, Room 100
Washington, DC 20001

DAY 1: TUESDAY, FEBRUARY 9, 2010

8:00 am Registration and Continental Breakfast

8:30 am Welcome from National Cancer Policy Forum and
Overview of the Workshop
John Wagner, M.D., Ph.D., Merck & Co., Inc., Workshop
Chair

8:45 am  General Characterization of the Precompetitive
Collaboration Environment
Session Chair: John Wagner, M.D., Ph.D., Merck & Co., Inc.
Open Innovation Networks Between Academia and Industry
Neal Cohen, M.D., M.PH., M.S., University of California—

San Francisco School of Medicine

Overview of Precompetitive Collaboration with Exemplar Models
Jill Altshuler, M.B.A., AltshulerGray
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11:15 am

11:30 am

12:30 pm

1:30 pm

PRECOMPETITIVE COLLABORATION IN ONCOLOGY RESEARCH

Open Access Integrative Bionetworks
Stephen Friend, M.D., Ph.D., Sage Bionetworks

PatientsLikeMe
James Heywood

Panel Discussion and Audience Polling: 30 Minutes

Break

Precompetitive Collaboration in Science
Session Chair: John Wagner, M.D., Ph.D., Merck & Co., Inc.

SEMATECH
William Spencer, Ph.D.

Science Commons
Thinh Nguyen, J.D.

Panel Discussion: 20 Minutes
Lunch

Precompetitive Collaboration in Biomedicine
Session Chair: Stephen Friend, M.D., Ph.D., Sage Bionetworks

The Biomarkers Consortium
David Wholley, M. Phil., Foundation for the National
Institutes of Health

Critical Path Institute
Raymond Woosley, M.D., Ph.D.

Breakthrough Innovation
Bernard Munos, M.B.A., Ph.D., Eli Lilly and Company

Precompetitive Informatics Initiatives in Drug Discovery

Bryn Williams-Jones, Pfizer
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Panel Discussion: 30 Minutes

3:45 pm  Break

4:00 pm Day 1 Concluding Thoughts

Open-Source Science
Karim R. Lakhani, Ph.D., M.S., Harvard Business School

Discussion and Audience Polling: 30 minutes

5:00 pm Adjourn Day 1

DAY 2: WEDNESDAY, FEBRUARY 10, 2010

8:00 am  Registration and Continental Breakfast

8:30 am Thoughts on Day 1 and Report Back from Dinner
Discussion

8:45 am  Precompetitive Collaboration in Oncology
Session Chair: Stephen Eck, M.D., Ph.D., Eli Lilly and
Company

[-SPY 2 TRIAL
Laura Esserman, M.D., M.B.A., UCSF Carol Franc Buck
Breast Care Center

The Cancer Genome Atlas
Joseph Vockley, Ph.D., National Cancer Institute

Merck, AstraZeneca Drug Combination
Pearl Huang, Ph.D., Merck & Co., Inc.

CEO Roundtable on Cancer’s Life Sciences Consortium
Gregory Curt, M.D., AstraZeneca
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11:30 am

11:45 am

1:30 pm

PRECOMPETITIVE COLLABORATION IN ONCOLOGY RESEARCH

Imaging Studies
Gary Kelloff, M.D., National Cancer Institute!

Panel Discussion: 30 Minutes

Break—Pick Up Boxed Lunches and Return for Final
Session

Lessons Learned and Future Directions for Precompetitive
Collaboration in Oncology
Session Chair: John Wagner, M.D., Ph.D., Merck & Co., Inc.

Opening Remarks
Mark McClellan, M.D., Ph.D., Brookings Institution’s
Engelberg Center for Health Care Reform

Panelists:

Jill Aleshuler, M.B.A., AltshulerGray

Neal Cohen, M.D., M.PH., M.S., University of California—
San Francisco School of Medicine

Stephen Eck, M.D., Ph.D., Eli Lilly and Company

Mark McClellan, M.D., Ph.D., Brookings Institution’s
Engelberg Center for Health Care Reform

Raymond Woosley, M.D., Ph.D., Critical Path Institute

Adjourn Day 2

! Due to the snowstorm, Dr. Kelloff was unable to present at the workshop. However,

his presentation slides were included in the workshop briefing materials.
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Polling Results

At two points during the conference, participants attending the work-
shop in person were given individual keypads to respond to a series of ques-
tions posed by John Wagner, chair of the workshop planning committee.
He noted that he was sampling a very small population (22 responses were
obtained) biased toward seeing the value to collaborations, so the results fea-
tured below, though of interest, are by no means scientific or representative
of the community of biomedical researchers.

Responses
Questions Percentage ~ Count
What organization do you represent?
Government 0 0
Industry 32 7
Academia 18 4
Nonprofit 23 5
Other 27 6

Have you personally participated in a precompetitive collaboration?
Yes 52 11
No 48 10

Has your institution/company participated in a precompetitive collaboration?
Yes 77 17
No 23 5

95
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Responses
Questions Percentage ~ Count

How important do you feel precompetitive collaboration is to biomedical
research?

Not at all important 5 1
Somewhat important 0 0
Important 5 1
Very important 23 5
Critical 68 15
Which research activity do you feel can benefit most from precompetitive
collaboration?

Bioinformatics/software development 4 1
Data generation/collection efforts 35 8
Basic research 17 4
Translational/disease-focused research 35 8
Product-oriented research 9 2
What do you see as the biggest hurdle to precompetitive collaboration in
biomedicine?

Individualist/competitive culture among academics 30 6
Proprietary culture of industry 25 5
Intellectual property issues 25 5
Academic promotion/tenure process 15 3
Publications 0 0
Patient privacy concerns 5 1

How relevant/applicable are industry collaborations, such as SEMATECH, to
biomedical research?

Not at all important 0 0
Somewhat important 16 3
Important 16 3
Very important 42 8
Critical 26 5

How relevant/applicable are prizes, such as InnoCentive offers, to biomedical

research?

Not at all important 0 0
Somewhat important 42 8
Important 26 5
Very important 21 4
Critical 11 2
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Responses

Questions Percentage ~ Count

How relevant/applicable are True Open Source Collaborations, such as Linux, to
biomedical research?

Not at all important 0 0
Somewhat important 26 5
Important 26 5
Very important 21 4
Critical 26 5
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